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EDITORIAL NOTES. 


THE RESPONSIBILITY OF THE LONDON COUNTY COUNCIL. 

In our previous issue we dealt at some Icnfjlh with the question of the lar};e 
number of existing buijidings in the metropolis that do not comply with 
tht^ requirements of the Building Acts (Amenilment) Act of 1905 as far as 
safety from fire is concerned, and—as we .'inticipated—a ^ast amoujJt of argu¬ 
ment and correspondence—t)oth confirmative and the reverse—has arisen from 
what we publfehcd. Not only have we been the recipients of numerous com¬ 
munications on the matter, but we* see that lK)th the daily and the technical 
I’ress in general have now accorded space to the subject editorially and by the 
insertion of letteis, although none h;ive perhaps “called a spade a spade” 
quite :is plainly as we have. Kor the considerable amount of valuable support 
received from our contemporaries we would here immediately tender our bcsi 
thank’s. • 

.Again, in the council chamber of the London County Council, of the Ken¬ 
sington Borough Council, and of other corixjrate Iwdies, the subject-Aiatter 
of our editorial has been under comment. If we are rightly informed, there 
has even been a deputation on behalf of the shop assistants in the matter before 
the Building Act Committee at Spring (lardens. But for all this, there has 
been no definite public declaration on thfc County Council's behalf that the 
present lamentable state of alTairs is to be remedied, and that the public is to 
be safeguarded in such a manper as was intended under the Building Act 
referred to. 

It thus behoves us again to call the attention of the members of the London 
County Council and other authorities to the extraordinary scandal in our 
miejst, for which, up to the prAtyjt, the spokesmen of the London County 
Council have apparently been only anxious to find excuses, but have not 
promiijpd prompt and effective remedy. 

There is one point m particular that we mu.st deal with next—we spoke 
of some 50,000 buildings awaiting*attention, i.e., buildings under the self-.same 
Section g of the Building Acts (Amendment) Act of 1905, under w'hich preinises 
like those of Messrs. Barker come. We pointed out that not oie thousand of 
these cases hgd, so far, been put in order in the intervening seven years. We 
gave the Council even greater credit than necessary—the exact number to June 
last was only 527. But, further, it wt>uld no)^ appear, instead of our having 
to deal with 50,000, there are actually somewhere betweeir 93,000 to 94,000 
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structures awaiting the Council’s pleasure, for, in addition to those under 
Section 9, there ic now officiiil evidence available that no fc,wer than 48,566 cases 
have been duly i^tified to the London County Council under* Sections 10 to 12, 
and that only 351 under Section ii, and 4,430 under Sections 10 an^i2, have 
so far been put in order, or exempted from the operation of the Act. In other 
words, close on 44,000 cases are awaiting atfention under the three further 
sections of the Act. ‘ 

THE EXISTING POWERS. 

To make ourselves quite clear, wc would remind our rfaders that there Is 
a Section 9 that affects buildings that are tall, or in \#iich more than twenty 
people “ live ” or are employed. There is Section 10 that relates to projecting 
shops; a Section ii thiW: relates to certain dangerous stores; and a Section 12 
affecting a number of minor structures. The buildings under Sections 9 and 10 
are those most in the public eye. For those under Section 9 it required seven 
years to put 527 buildings in order, and under Sections 10 to 12 it has required 
seven years to put into proper order, or exempt, some 4,781 cases. Wc wonder 
if the public realises what this rate of progress«means, for it would aJmosit seem 
that five centuries would be required to deal with the buildings under Section g, 
and quite half a century to deal with thosi^ under other sections named. 

Now in a communication which we print in another column (page 64), the 
figures are not only summarised and confirmed, but the causes of the existing 
state of affairs indicated, and certain useful suggestions are made as to the 
remedy. 

SOME SUGGESTIONS. 

We offer no comment on the causes. They are public? knowledge. As to 
the suggestions, we give them here seriatim, with an expression of opinion 
that they are feasible and economic, and would, if adopted, give us safer 
buildings without undue delay. They read as follows:— 

(a) A public announcement in the Press (to be repeatcKi monthly) that it intends 
to have the whole of the work under the Building Acts (Amendment) .\(^t of 
1905 remedied by January 1st, 1918, the public announcement to be followed 
by two circular notices in the 44,000 notified cases under Sections 10 to 12. 

(b) An immediate instruction to the District Surveyors to notify to the Council, 

say w'ithin six months (lis set out in Section 17) all rases they consider to come 
under Section 9—a matter that has been practically neglected during the past 
seven years—^and immediately upon receipt of these notifications an i.ssue of 
two circular notices to. owners concerned that the Council are prepared to 
receive suggestions accompanied by plims with proposals as to convenient 
dates for carrying out the necessary slsuctural improvements, and are prepared 
to assist in every possible way applicants who volunteer plans and off<T practical 
remedies. The circular notices should indicate certain primary principles 
desired by the Council, such as alternative routes of exit from workslftps and 
dormitories. • 

(c) A cancellation of the existing embargo that the fifty District Surveyors are not 
to prbss the .execution of work un^ Sections 10 to 12 in their respective 
district, and in place of that embargo an instruction that they shall see that 

Whole of thU work is carried out by 1918 or earlier, the instruction to set 
OlHt Certalft guiding principles as to remedies and also grounds, for exemption. 

to exeinptitmS, any recommendation for exemption sijpied by the local 
District Surveyor and tw* adjoining District Surveyors should be accepted 
ipso, /ocltq t>y!!the Building Act Committee as .a frima facie case for exemption 
vifitbouf fibber investigation or expense. 
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(d) The energetic enforcement in 1913 by legal proceedings of at least one 
notoriously t^d case under Section 9 and one under Section ko in each district 
as an earnest of the Council’s intentions. # • 

(c) Tjjp formation of several Sub-Committe<“s of three in the Building Act Com¬ 
mittee to sit weekly to accelerate the decisions requiring the Committee’s 
attention under the 1905 A*t, with the necessary strengthening of the Superin¬ 
tending Architect’s personal staff and the staff of the Committee Clerk. 

, (/) The immediate .strengthening of the " Escape ” branch in the Building Act 
Department by five managing assistants^ twenty senior assistants, twenty 
, junior assistants, and twenty clerks, etc., all on the tt-niijorary establi.shment, 
the staff to work Iw areas, and each senior assistant to follow his own case from 
beginning to end,^ll modem met'hanical equipment and facilities to be used to 
• accelerate the work, including photography and mechanical copying instead <ff 

tracing. 

(g) 'Pho publication quarterly of a li.st of building own<T? who have mmplied with 
the Building Acts (Amendment) Act of 1905 and the addresses M the buildings 
that have lH*en put in order. - 

In conclusion, we wofild only emphasi.se the necessity of prompt action on 
the Council’s part. Otherwise the Council may unexpectedly find its functions 
largcly«s.upcrseded in this particular direction in a manner letist expected. Lon¬ 
don cannot be ^allowed to stand as an instance of sluggish administration in 
matters of public safely, for it happcBs tO' be the Imperhil capital of an Empire 
to which other municipalities should look up to, not the reverse. 


“IRONMONGERS." 

According to Webster’s dictionary of the Engli.sh hinguage, an ironmonger is 
;i “ dcider in iron or hardware,” and Ivirdware is ‘‘the general name for all 
articles made of iron?” 

Cinder this definition several distinguished presiding officers of corponi- 
tions, such as the In.stitution of Civil Engineers, or the Iron and Steel Institute, 
would from time to time certainly come. Yet, if their vocation were so 
described by their fellow officers, or by any individual member of these institu¬ 
tion*, they would no doubt resent it as something derogatory, no matter how 
estimable ironmongers as a class may be. 

At the Concrete Institute, at two of its recent meetings, the term “ iron¬ 
monger ” was bandied about in this derogatory sense, with a view to de.scribing 
concrete specialists generally, and particularly such specialists who sell reinforc¬ 
ing bars and other accessories for the construction of reinforced concrete 
buildings. Now, if the proceedings of the Concrete Institute were private, there 
is no reason why individuial member? of council should not give full expression 
to their views; but the proceedings being public, such views and classifications 
do not ?ldd either to the dignity of the institution concerned, nor do they assist 
in furthering the subject# there under review or advance the status of those 
concerned, be they members of the t^hnical professions in the highest sense, 
captains of industry, or the lesser lights of the commercial firmament. 

The Concrete Institute is wisely constituted of profes.sionaf men in the 
hjghest sense,'professional men connected with the industries concenied, and 
others engaged in the execution of confracts fqf the erection of structures, or 
the purveying of materials necessary thereto. It is only by active, cordial co¬ 
operation between the different elements concerned that an advance is likely' to 
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be made, either in the scientific investigation or practical apjSlication of concrete 
or reinforced corterete, a subject essentially dependent on the results of sciencc- 
tum*industry. %hc Institute was formed solely by the co-operation of these 
two elements, for those concerned purely in the industrial side a«j far too 
jealous of one another to allow of their cohesion,as a separate entity, and even if 
such a cohesion were possible, their views would have as little weight with the 
world at large as that of any of the other very estimable, but purely ex parte. 
industrial associations. * 

Again, the professional and scientific side of the Institute’s work would lo'se 
immeasurably by the absence of co-opcralion from the cdbimercial element which 
includes men of considerable technical eminence and experience. 

For either element^to commence to wrangle with the other, because there 
happen to bef a few black sheep, is regrettable—the black sheep, it should lyj 
added, being common to both elements—and the sooner unseemly differences 
of this description are relegated to oblivion the better for the advancemciU of 
concrete and reinforced concrete and the progress of the Concrete Institute in 
particular.*. 
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The new SUNonety Office for H.H, Office of Works 
with when completed, rsnk among the largest reinfoKed 
concrete straciures erected In England. There are many 
points of special Interest In thts building, and not least 
among them the steel gantry employed in Its construction. We hope at a later peHod to supple¬ 
ment the present article fy a further one dealing with the structure w^n It Is more advanced. 
This article has been prepared for us by Mr. Albert Lakeman, Hon. MedUlist Construction. - ED. 


This new buiJdinj^ is hijrhly important from a constructional point of view, 
as tlie methods employed are quite unique, as will be seen from the accompanying 
photographic views. Ihe fact^that reinforced concrete is adopted by the 
(lovernment for .i structure of this magnitude is evidence of the .ilmost universal 
opinion that fl is by far the most suitable m.iterial where fire-resistance, 
economy, and rapid erection are the primary considerations. 

'J'he whole scheme consists practically of two blocks, the smaller of which 
is to be used as oflices and the larger as a warehouse, a portion of which will 
be diwoted to H.M. Oflice of Works. Some idea of the magnitude of the 
building, wlucli has been designed by Mr. R. J. Allison, A.R.l.B.-A., 
Architect, H.M. €)tTice of Works, can be gathered from the general 
dimensions, which are as follows:—Frontage to Stamford Street, 323 ft., 
10 Cornwall Road 189 ft., to Doon Street 377 ft., and to Waterloo 
Road 10bft. 'I'he site is practically an island one, with the exception that 
a large portion at the south-west corner is occupied by the Royal Waterloo 
ITr^pital for Women and Children, and a small street called Bazon Street cuts 
between the oflice and warehouse blocks and gives access to the back entrance 
of the hospital. The two blocks will l>e connected, however, by a bridge which 
is 40 ft. wide, and constitutes ptactically a building above the first-floor level. 
The average height O'f the main front walls above the pavement level will be 
77 ft., and there are seven floors in the warehouse portion and eight-floors in 
the office block, including the sub-ground and basement, the height generally 
from floor to floor being 10ft. bin.jn the former and ii ft. in the latter. The 
present contract provides for a floor area of about 380,000 superficial feet, 
but argextension has been arranged for consisting of a fifth fl(X)r and the cover¬ 
ing of one corner of the jite adjacent to Doon Street and Cornwall Road, which 
will provide a further 100,000 superficial feet, or a total of roughly eleven 
acres for the complete scheme. The%»’eneral disposition of the ground floor is 
shown on the plan illustrated in Fig. i, where the wmplete sdljeme is given. 
It will be seen that three large internal areas are provided in the 'frareheuse for 
lighting purposes, and there are two in the office block. A covered.loading yard 
and platform is provided adjacent tf) Doon'Street, and the goods will be 
handled here and despatched to the various parts of the buildings by means of 
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Fig. 2. Elevation to Waterloo Road. 
H.M. Hew Stationery Office. 
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eight electric lifts, which of the site. This 

loading yard and platform will P » Sv H M Office of Works Stores 
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. .cantmre _r»np in tlic wafchouse and one in the office block 

there are two PJ;*’ j floor, where a large dining- 

-and fhe a^ommodation of the staff. The whole 

■■S:"ra7el?; un.. forced c.c„.a. 0 P, nn^ .he dre.oa«e 

will be carried iycastriroa pipes laid under the basement floor.. 

«emtion of the umrk a unique feature ts provided by he uK 
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instance in which ificy have been used in building work. These gantries have, 
in fact, been modelled on the lines of those used in shipyards, and it is 
believed that they will effect economy in time and expendit»re as a>mpared 
with the«tisual type .of derrick crane. It will be interesting as an experiment 
to see how far the hopes of th^ designers are realised, and it will certainly be 
found extremely convenient to have the whole site practically unobstructed and 
available for working at all times. * 





Fie. 4. View showing Concrete Mixer at work. 
H.M. New Stationemv Office. 


The vertical lattice %nembers of the gantry arc placed in three rows at 
distances apart of 8i ft., 66ft., and 66 ft., and the cross girders are built up 
of steel .sections in open lattice type, used in pairs, well braced across the top 
and stiffened by diagonttl struts between each pair to' give string and light 
design. ElecJrically-driven travellers run over and serve the whole area, and 
they are each cjipable of hoisting or lowering^ and of travelling in transverse 
or longitudinal directions. They can handle 300 cubic yards per day, and 
are capable of lifting the full load of 30 cwts.; and while carrying this load 
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can lift at 150 ft. per 
minute and travel cross- 
ways at 150 ft. per 
minute, or longfitudinally 
at 480 ft. per minute. 

A powerful automatic 
brake is provided, cap- 
able^ of sustaining the 
load, and arranged for 
lowering by gravity; 
and there is a foot-lever 
b'i'ake for controlling the 
longitudinal movement 
of the crane. A platform 
with hand-railing is pro¬ 
vided alongside one of 
the cross girdcrs,«and the 
controllers are placed 
in a cage fixed under¬ 
neath the cross girders. 
The erection gantries 
were put up by means of 
small derrick cranes, 
which travelled in 
trenbhes, the upright and 
longitudinal ni e in f) e r s 
being erected in the first 
instance, and the end 
girders being then pulled 
up by little craneJr af the 
lop, which will remain 
in position and be util¬ 
ised in the taking down ; 
the .girders being re- 
mov^ in the first 
instance and the uprights 
being taken dowii in , 
sections. 

The buildia|f itsel 
' is being erectdH on the 
Hennebique system, de¬ 
signed by Messrs. L. G, 
Mouchel and Partners, 
Ltd., an<f the whole of 
the concrete is being 
machine-m i x e d with 
three Ransome patent 
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concrete mixers, one of which is illustrated in Fig. 4. The soil was found to 
be com.posed of 10 ft, of made earth with about 16 ft. of gravel underneath rest¬ 
ing on blue clay, and the whole of the foundations arc takeik down well intc^ 
the gravjJ soil and designed to give a maximum pressure of 3 tons per square 
foot. The bases to the columns are carried down generally to a depth of 
about 8 ft. below the basement floor level, and these are octagonal on plan, 
as illustrated on Ftg, 5. This is a most economical f(jrm and it has a maximum 
thickness of 2 ft. 9 in. adjacent to the column, splayed down to 4 in. at the 
extreme outer edg^s in the particular example illustrated, while the greatest 
width shown at L in the diagram is about 10 ft. The disposition of the 
reinforcement is sufficiently clearly shown to need no detailed explanation, as is 
also the method of taking the vertical lines of reinforcement into the foundation 
slab. Very few of the foundation slabs were square, and in all such cases the 
loads were comparatively sn^. 

The retaining walls, generally speaking, are formed with 6-in. slabs, 
stitTCncd by Itori^onlal beams at the top and bottom and with counlerforte 
about 7 ft. apart, while short fross walls are carried back to the columns 
supporting the outside walls, which are spaced at intervals of about 20 ft, The 
height of the walls vary considt'-rabl)^ owing to the different level of the roads, 
but the same principle of construction is <-mployed throughout. The columns 
are spaced generally in rows 20 ft. apart at intervals of 15 ft. 2 in., and some 
typical details are illustrated in Fig. 3, where it will be seen that the size of the 
ground floor varied from 20 in. square to 23 in. square, with eight to twelve 
lines of vertical reinforcement well tied with links, 10 in. apart, in all directions. 
A typical a)nnectioii> between the columns is also given showing how the bars 
arc txmnectcd with socket pipes. 

One rather important jx>ipt in connection with the construction is that 
dealing with the proportions employed for the concrete. This is somewhat 
different from the usual mixture, it being composed of one part of Portland 
cerrent, one part of sand, and two parts of ballast for columns. The 
remainder is as follows : i cwl. cement, 2 cubic ft. sand, 4 cubic ft. ballast. 
It will be seen that the mixture for columns is much richer than that 
generally used, and in consequence a greater stress is allowed on the 
concrete per square inch, and a smaller quantity is used in consequence. 
It is claimed that economy is effected in this way, as the reduction 
in the quantity of concrete obviously reduces the loads to be carried 
and- thus the sizes of the members are reduced throughout. The floor 
loads have been calculated at 3 cwts. per sq. ft. for the ground floor of the ware¬ 
house and 2^ cwts. for the upper floors, while in the offices the jUlowanoe is 
TOO lb. per sq. ft. for all, floors and 65 lb. for the roofs. Tltese loads arc in 
addition to the weight of the floor itsell, and the slabs are only 3^ in. thick 
in the warehouse and 3 in. thick in thi? oflSces. These floor slabs are carried by 
secondary beams, which are in turn carried by main beams; antP the whole of 
the skeleton reinforcement, wherever possible, is built up completely Ijefore 
being placed in 'the moulds, as this is considered to be cheaper than building 
up in the moulds and, furthermore, ensures more accuracy in the 'placing of 
the rods. The external walls generally are 4 in. and 6 in. thick, and the front 
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of the office block facingf Waterloo Rond will be faced with Portland stone, 
earned by the reinforced concrete columns and beams mainly at the level of the 
•sub-ground floos. The chimney from the boiler-house is being formed in rein¬ 
forced concrete, and this is i lo feet in height, with an inside size of ^ ft, 3 in. 
.square, the sides being 7 in. thick at the bottom and 5 in. thick at the top. A 
fire-brick lining will be built in sections inside the shaft and supported by 
corbelling, this being kept 3 in. clear frorrt the concrete sides. It is estimated 
that over 1,200 tons of steel will be required for the complete building, and as all 






Fig. 6. View showing Reinforced Concrete Work. 
H.M. Nkw Stationery Office. 


this is in the form of small round rods, it represents a very large amount. The 
work is being executed by Messrs. Perry & Co., Ltd., of Bow, while the steel¬ 
work for the gantry was supplied and erected by Messrs. Drew-Bear, Perks 
& Co., Ltd., Battersea Street Works. The reinforcing steel is being supplied 
by Messrs. Dorman &, Long, of Middlesbrough, and the ballast is being pro¬ 
cured from the Ham River Cirit Co., Rochester. 
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THE 

SPECIFIC GRAVITY 
OF PORTLAND 
CEMENT. 


By PERCY C. H. WEST. 



TJte following article may be of interest as indicative of some of the more recent work 
which has been done in this particular branch of research. — ED, , 


So much has already been written relative to the specific gravity of Portland 
cemr*nt, that a certain hesitancy is felt in reverting to the subject. Much 
work has recently been done which is of merely confirmatory nature, and 
older a'Ad often more complete wbrk has been ov’crlooked; the results obtained 
by the several investigators have not been compared nor received adequate 
attention, with the natural result thtit in many quarters great importance is 
attached to the test, although the results of systematic research show that 
it is of extremely limited value. 

Nearly thirty years ago sufficient evidence had l>een collected to show 
lliat the test as an indication of the quality of cement was of little use; in 
fact, could be well cyspensed with. Yet to-day, as every manufacturer knows, 
there, are many users of Portland cement who regard the test as of the greatest 
value, and who will disregard the more practical indications of high quality, 
such as mechanical tests and soundness tests, if the specific gravity falls below 
some arbitrary limit. The volume weight test to which the determination of 
specific gravity may be regarded as the natural successor has fallen—quite 
rightly—into desuetude. It was early recognised, notably by Grant, that the 
weight per bushel was a function of the state of division and the specific gravity, 
the method of carrying out the lest remaining the same. 

As is generally knowm, the tc.st was held to be of use in differentiating 
between cements which had been burned at a high temperature or clinkered 
and those burned at a lower temperature, as, for example, Roman cement. 
It will usually be found that Roman, or natural cement, which has not been 
clinkered has a lower specific gravity than Portland cement, but the mechanietd 
strength tests will equally well enable the two classes to be differentiated. 
When the test is applie(^to Portland cement, with the object of ascertaining 
its quality or the degree of clinkering, the results are much less positive. 

Michaelis, in the earliest standjfrd text-book on the subject, gives the 
specific gravity of Portland cement as 3*2, and states that the specific gravity 
of light burnt cement is not more than o'l lower and of overburnt 0*3 below 
this figure. » 

Seger and Aron determined the specific gravity of a number of samples 
of Portland cement, and found that they gave figures varying between 2*99 
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and 3 ‘o 8. Schumann (1883) determined the specific gravity of twenty samples, 
and found that, as a rule, they fell between 3‘iio and 3*174; in one case he 
found over 3'23,*but never obtained a figure below 3*1. These results indicate 
a considerable variation. The cause of this variation was only imperfectly 
known at the time. Erdmcnger found that tjie specific gravity of a clinker 
was dependent on the temperature at which it was calcined. He found that, 
not only did underburnt cement have a low specific gravity, but clinker produced 
at a high temperature also gave* a low figure. This fall iin specific gravity is 
shown to occur as a result of burning at a very high temperature by the results 
of Fresenius, published in 1885. In this case the anfount of carbon dioxide 
and of water present in the clinker was also determined. Vicat, in his book, 
“ Cimentc ct Chaux Hydrauliques ” (1891), states that the specific gravity 
indicates adulteration and degree of burning. In the figures given by him 
as an example, the same fall of specific gravity, as the result of clinkering at 
a high temperature, is indicated. , 

Meyer, at a later date—1897—<jbtained precisely similar results, employing 
a mixture which, when burnt, had the following composition :— • 


Composition; CaO+AfjfO CaO SiOi RiO» 

66*6 64*25 32*4 

Cone ... 7 8 10 12 14 16 

S.G. ... 3*155 3*224 3*212 3*198 3*185 3*170 

These figures are of great interest, as they show the relation between 
the specific gravity and the temperature of burning the clinker with a greater 
degree of precision. As late as 1907 we find results of^a somewhat similar 
character being published by Meade and Hawke. ^ 

<n view of the requirements of the sf>ecification of the Association of 
American Portland Cement Manufacturers, these chemists considered it 
necessary to emphasise the slight difference in specific gravity between 
imperfectly burnt and well-burnt clinker. They give examples showing that 
in a certain case the difference was only 0*026:— 

1. Very light burnt . 3*2o8 

2. Somewhat lightly burnt ... ^. 3*222 

3. Well burnt ... ... ..... ... 3*214 

4. Very hard burnt ... ... ... ... 3*234 


In this case the clinkers were all produced from the same batch of raw 
material, and were produced in the same rotary kiln. They further state .that 
in no case have they found half-burnt giving a lower specific gravity than 3*10. 

Butler (1906) found that, of thirteen samples of underbumt, eight pqpsessed 
a sufficiently high specific gravity to satisfy the reqijjrements of the B.S.S. 

Within the writer’s experience the lowest specific gravity of a thoroughly 


clinkered, mixture was 3*024. This clinker had an abnormal composition, 
CQntaifting (wply 50 pei* cent, of lime, and naturally disintegrated on cooling. 
aNnoiliikl co!njp0sitio*i the specific gravity of clinker produced from tfw 

that the specific gravity of a thwoughly well- 
limits; that under certain conditions a large 
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proportion of material of lower specific gravity could bf added without causing 
the resultant mixture to have a specific gravity less than many undoubtedly 
pure clinkers possess. • . 

Unreliable, however, as is the specific gravity test when employed for 
estimating the degree of burnin|:' or the purity of ground clinker, it is much 
more so as applied to finished cement. 

It is permissible to add a certain" percentage of gypsum, a material having 
a specific gravity of 2"3 —2"g, Fuel dust may be present in a cement, whereas 
in -testing clinker its presence may be avoided. Water and carbon dioxide 
are absorbed by the cement during the grinding process, and in storing either, 
j or both, may be intentionally introduced into the cement. Thus there are 
three additional factors which have an effect on the %pecific gravity of the 
cement. The first two may be neglected, as th'^ are present in only small 
percentages, and their effect is therefore small. The latter, however, is of 
considerable effect, a fact observed at a very early date by Erdmenger, who 
foun 3 that a cement having a specific gravity of 3"2 on storing five months 
absorbe'i i"8 per cent, of water jjnd CO2', the specific gravity falling to 3'oo. 
After storing eight months 2‘2 per cent, had been absorbed and the specific 
gravity fell to 2"gf). In another case quoted by him a cement having originally a 
specific gravity of 3'09 after one year had absorbed 2"i per cent, and its specific 
gravity had fallen to 2"8s. 

.Schott (1885), recognising the cause of the decrease in specific gravity, 
suggested a method of calculating the specific gravity of the clinker from that 
of the cement. He found that a sample giving a loss on ignition of 3 per cent, 
had a specific gravitjf of 3’og4. Assuming the specific gravity of the clinker to 
be 3'^5, he calculates the specific gravity, if all the loss on ignition be du* to 
water, as follows :— 

Specific Gravity of Water i”o 
97+3-i54-3-oo + roq^3.Qg5 
100 

If loss on ignition is due to COj : 6'8CaCO^ of S.G. 2"7 

93 - 2 - 4 - 3'15 + 6;8 + 27 . 

ibo 


= 3-11 


Assuming the cement to contain equal proportions of water and carbonic 
anhydride, we get the following S.G. :— 

3-0 85+ 3'll _3.Qg 
2 

Schl>tt’s equation may be put in the following form :— 

, lOOy (« l)-(w 1-82) 

^7 

where x is the specific gr^ity of the clinker; y the specific gravity ofithe cement; 
n = percentage water ;^=»Mrcentage of CO y 

Hauenschil^itas suggeslld a purely empirical formula: 


S6»Stf+' 


Sa.b 


100 
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In which S6 = S.G. clinker. ' 

Sa—S G. unignited cement. 

• b=loss on ignition. 

And F. M. Meyer has suggested Sb = 5a+o'o35b. ^ 

These two formulae hjive been checked by Gary (1905} against actual deter¬ 
minations. As might be anticipated, the rcsutts are by no means conc.>rdant. 
It may be noted that the nineteen cements tested by Gary gave an average 
difference of o'o445 per I’o per cent, loss on ignition. 

Butler has developed a formula enabling the specific‘of the clinker to.be 
calculated from the specific gravity of the cement, an4 the percentage of water 
and carbon dioxide present in it being known. The calculation is, however, a, 
somewhat lengthy pro^ss, and as the determination of the relative amounts of 
carbon dioxide and of water are necessitated, it is of little value. Another 
writer has suggested the calculation of the specific gravity of the clinker in a 
similar manner and has fallen into the error of taking the specific gravity of 
a compound to be the mean of the specific gravities of its constituents. TXiat it 
cannot be done in the case of a lime-water reaction is apparent from the swell¬ 
ing up of lime on hydration and also from determinations of the specific gravity 
of calcium oxide and of the hydroxide. 

It has been shown by Brugelman, Moissan', Richter, and others that lime 
can be obtained having a specific gravity as low as 3’o8, or as high as 3'4, 
depending on the temperature at which it is burnt. The hydroxide in the 
amorphous form has a specific gravity of a’oyS (Rose) and crystallised in the 
hexagonal form 2'239 —2'24i. If the specific gravity agreed with the simple 
rule of averages and the specific gravity of calcium oxide«was 3'o, then that of 
the hydroxide would be 2'3, and if the oxide was 3‘2 then that of the'hydroxide 
would be 2'66. 

As the specific gravity of clinker varies between such wide limits, and as 
the specific gravity of calcium hydroxide in its several forms is also variable, 
it is of little use calculating the fall in the specific gravity of clinker dj^e to 
the absorption of carbon dioxide and of water. The following figures, however, 
indicate the possible effect:— 


Clinker S.G. 


Q f. CitCOn or 
CaiOHU 
assumed 

3*18 2-24 

3*18 2‘08 

3*18 (CuCOg) 27 


Reduction ot S.G. by 1% H ,0 


0-033 
0-047 

0-013 by 1 % CO, * 

Of less moment in this connection is the addition of gypsum, the specific 
g^ravity of which, as Co 50 , 2 H» 0 , is 2-306 Dumas, 2-331 Filhol. »In th^ 
anhydrous form it has a specific gravity of 2.97 Sch*rauf. 

Calculations, therefore, are of little ^alue, as these results are mere approxi- 
ni^tions-ai^ Ijjpst. The apparent alternative of driving off the moisture and carbon 
to little better results, but in view of its relative simplicity it is to 
; lie to Qf|i^|r method. It has been well pointed j>ut by Kupffender „ 

to* 110®-120^ only hygroscopic moisture is driven 
first the combined water from the gypsum, then 
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from the calcium hydroxide, and finally the CO ^ from the carbonates is expelled. 
Even then the mass does not necessarily give the specific gravity of the clinker; 
for, as previously mentioned, the specific gravity of lime increases by heating.. 
Only if the cement is heated to the original clinkering tt:mperature would an 
approximately correct result be reached. And, if the heating was carried to this 
degree, 1400°—1500® C., any badly burned or unburned material would be 
converted into material of high specific gravity. 

The determination of the specific gravity on cement as delivered is of no 
practical value, for'if it is desired to discover whether the cement has been 
stored carelessly or t(x> Jong, a determination of the loss of ignition will show 
^ it directly, Jind with a greater degree of accur.acy. With regard to this point, 
too, an odd one or two per cent, is of little consequence^if the mechanical tests 
prove that the cement has ample strength. Determination of the specific gravity 
on the cement heated to redness gives more information than the test carried out 
on the unignited cement and may serve to indicate gross adulteration, that is if 
the l*st free cement has a specific gravity less than 3‘i. 

Nothing has yet been said with regard to the accuracy with which deter¬ 
minations of specific gravity arc made. Differences between authorities is fairly 
common, but the following is an illuminating instance. Dr. Heiscr took 
25 samples of cement, tested them himself, and had them tested at Gross Lichter- 
fcld and at Malincs (Belgian State Laboratory), with the following average 
results :— 

Gross Lichtcrfeld. Malincs. Dr. Heiscr. 

3-150 3'118 3'127 

The greatest differcn«je was 0-076, while the average was 0-032. 

Ip conclusion, the words of Zwick (1879) be well repeated : “ It there¬ 
fore follows that the specific gravity is a doubtful criterion of the value of 
cement. ” 
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RECENT REINFORCED 
CONCRETE CONSTRUC¬ 
TION IN ALEXANDRIA. 


By T. D. KEY 

(Alexandria Water Co„ Ltd.) 

A (onsidereMe amount of very imeresiing reinforced concrete nuork has recently 
been carried out tn Alixandrla, and the Allowing article deals tolth a fevi of these 
siraetures>~MD. _ 

To the well-informed mind the word Egypt generally conveys an impression of 
the Arabian. Nights and romantic associations of a desert life, and the visitor 
in quest of such usually obtains .something vfry much in the nature of^a shock 
when his port of debarkation on Egyptian soil happens to be Alexandria. 

It would, indeed, be hard to find a greater contrast between the ideals of 
the first and the realities of the second than, are presented by the town of 
Alexandria of to-day, and the tourist, realising this at sight, soon shakes the 
dust off his feet and departs for the more congenial delights of Cairo, Luxor, 
or Assouan. 

Yet to the observant mind Alexandria presents many features of interest, 
its commercial and industrial activity, together with a %nagnificent harbour, 
having made it again one of the foremost cities of the East, and in the process 
the enterprise of its citizens has neglected few of the advances in science and 
engineering which have helped to promote the success of its Western, rivals. 

As the title of this article suggests, its object is to confine itself to giving 
a brief outline of the work done in Alexandria in those most recent metho|Is of 
constructional engineering, reinforced concrete. And I think I am correct in 
stating that the first reinforced concrete work of any magnitude carried out in 
that town was in 1905, when, during the reconstruction of the Water U’orks, 
the new clear water storage reservoirs were roofed over with this material. 
Constructionally these roofs present no features worth recording. One point, 
however, which may interest your readers is the fact that, owing to a shortage 
of material, a considerable part of one of the roofs was made with concrete 
having as an aggregate ordinary furnace ash drawn from the Water Works 
boil^ furnaces. About two years ago I had occasion to cut through the whol^ 
length of that part of the roof so constructed, and ni^ evidence of corrosion was 
qotk^able on any part of the reinforcement. 

3{hce thht date the Water Works *havc carried out two important struc- 
the first, in 1909, a culvert conn«:ting the company’s 
' '" wcUs situated outside the main pumping house, 

‘ " an existing culvert in brickwork, built about * 

the Water Works authorities had grave 
commenced on the culvert a new intake house was 
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Fig. 1. Section. 

Rxinforced ConcuTE Culvert. 
C a 


lituilt at the canal end, and tn this 
Ixrth old and new culverts wete 
hnnlly connected. • The control pea- 
stocks and screens were also placed 
in this house. 

The new culvert was made 
entirely of reinforced concrete and 
hns a section as shown in Fig. i, 
this section being determined on the 
assumption that it would be neces¬ 
sary to supply i3‘2 million gallons 
(60,000 culjic metres) to the pumps 
in 12 hours when the water level in 
the canal was at a minimum of 3 ft. 
above the culvert invert. 

The reinforcing througiiout was 
done by means of expanded metal, 
No. 10 size, having strands of 3-in. 
mesh, the section of the strand Ijeing 
A in. by ^ in., (he metal being laid 
the long way of the mesh at right 
angles to (he axis of the culvert. The 
wooden centering used is well shown 
in the illustration. Fig. 2, and was 
made in lengths of 4 metres, each 
length being collapsible and easily 
removed alter the concrete harl set. 
This centering was covered at each 
stage with oiled paper, thus pro¬ 
tecting the centering frdm deteriora¬ 
tion through cxtiitact with the con¬ 
crete, and also to provide a smooth 
inner surface to the culvert. So 
satisfactory were the results in this 
latter respect that in only a few 
places was it necessary to add any 
cement rendering to the inner sur¬ 
face of the finished work. The fol¬ 
lowing mixture was used in making 
the concrete: i part of Portland 
cement to 3 parts of sand, 2.parts of 
this mortar to 3 parts of an aggl'e- 
gate cow^wsed of M’Oken pottery 
thorcxighly washed and screened 

tbropg^ ^ 

beingf measured by volujne. 
Regarding th? aggregate, a word 
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of explanation may not be amibs. This is broken Egyptian pottery, 
known locally by the name “chakf.” and immense quantities of this 
4 naterial are loijc found all over Egypt buried under small hills, or “ koms.” 
, Being strong under compression, and having sharp edges, it make^ a good 
aggregate for concrete when care is taken to use sufficient cement and sand to 
fill all the interstices. A disadvantage to its use in reinforced concrete, how¬ 
ever, is that it cannot be conveniently broken to a small size. Thi>» fact, 
together with the increased cost due to the available supplies around Alexandri.i 
being nearly exhausted, has practically stopped its use for this purpose. The 
concrete was mixed wet and well tamped into placcj the outside shuttering 



Fig. 2 . Wooden Centering. 

Reinfokced Concketp Culvext. 

^being placed in position in narrow strips to enable this to be convenientry 
. dope. 

• .//rta culvert is provideef with manholes about 262 ft. apart, these man- 
bftinpf formed in the crown of the arch, which is strengthened at these 
by meai\s of an angle iron saddle cast into the concrete. The depth of the^ 
lCJ|^6wh of'the.anch below J.he surface level varies from, 12 ft. at the canal end to 
' 24 ft, at .the suction wells. At the deeper levels reinforcement was placed on 
the outer side erf the crown in order to ffrovide against the increased horizontal 
thilist. Thc^otal length of the culvert is about 1,670 ft. 

The Spenud is a settling basin, formiing one of a group of four, and used for 
preitlpitPtingi under the' nqtion of alumina sulphate, the fine Nile mud held in ' 
supfleiaston in the water before Ihis is treated by the filters. 

Its bnabirucdoii ia well shown in the drawing, Fig. 3, and it.*! action as an 
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efficient precipitating tank may be briefly described thus: The unflltered water 

is pumped into 



.fir 




tlfe semi-circular 
basin, A, from 
which it flows 
with a greatly 
diminished 
velocity towards 
the di.iphragm 
>\all at B. This 
diaphragm i s, 
composed of two 
parallel wall s, 
that ncirest the 
inlet {letinv* as i 
weir, the other 
as a baffle with 
openings at its 
1 o w e r has e 
through w h i c h 
the wMter passes 
to the outlet over- 
at C. 


w flow wcir 

» S These two weirs 

^ I have ihe dfecM of 
0 


which this settling tank was to be constructed was of 


skimming bft. the 
S3 surface and 
g clearer water in 
^ each comp.irtnx'nl 
of the tank, and 
rct.iin the greater 
quantity of silt 
left in suspension 
in the lower water 
levels. The work¬ 
ing c.tpacity of 
the timk is Ong 
million gnllp^t^^’f 
and the t i 
allowed for this 
quantity to flow 
thro^h is regu- 
latedto about six 
hours. 

As the 
ground on 
a nature which 
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precluded any hope of obtaining a uniform foundation, it was decided 
to flood the whole surface until such time as all voids had been filled and 
infiltration ceased, and for this purpose one of the unfiltered water-pumps 
was utilised during fifteen days, pumping altogether about 8,000,000 gallons 
before this result was obtained. 

On the ground drying off, a 20-ton steam roller was run on the land, and 
rolling continued until the surface^was brought to a uniform level and no further 



settlement visible when the roller was tlrt work. An examination of the land 
after this proved so satisfactory that it was decided to dispense with anything 
further in the way of foundations, and work was at once commenced in excavat¬ 
ing the surface to the exact camber of the tank bottom, and omthis a dry course 
of broken stone was rammed, suflBcient only to form a clean surface on which to 
lay the reinforced concrete. 

The design adopted shows remarkably well the economy of material to be 
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obtained from the use of reinforced concrete for this class of work. The bottom 



of the tank is a continuous slab, 4 in. thick, reinforced longitudinally and 

2.1 * 
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transversely by f-in. rods pitched 8 in. centre to centre each way. The side 



Fi(«. 6 & 7. In Course of Construction. 
Reinforckd Concrete Cotton Stores. 


walls are 5| in. thick at the base, tapering to 4 in. at the top, and supported 

H 
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throughout their length by buttresses pitched ii ft. 6 in. centre to centre. A 
4-ft. platform runs round the lank for insi^ection purposes, and in the manner 
of its attachment to the side walls and buttresses advantagt? is taken of its 
position lo render that part of the side wall contained between the buttresses as 
a slab supported on all four side^, thus keeping these at a minimum for thickness 
and reinforcement. Details of the reinforcement in the buttresses and its attach¬ 
ment to the rest of the tank are given in Fig. 4. This also shows the beam 
placed on the inner,side of the side wall and ifnder the bottom slab to take the 
negative bending moment, due to the weight of the side walls, when the tank is 
emptied for cleaning pijrposes. 

The composition of the concrete throughout the entire work was made in 
the following proportions : 1 cubic metre of gravel soreened through a |-in. 



Firt. 8. 
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ring, ^ cubic metre of sand, and 350 kilos, of cement, the whole being mixed by 
hand, then watered and mixed to a wet concrete. 

In-order to prevent infiltration the bottom of the tank was covered by a 
continuous sheet of Aqualitc Bitumen Sheeting, over which was laid a protecting 
layer of concrete 2 in. thick, the side walls being rendered with a 2 to i cement 
mortar worked to a finished surface. As regards the side walls, it is interesting 
to note that the results obtained have been perfectly dry outer •urfaces, and 
this result is .the more remarkable when taken into consideration with the 
extreme ranges cvf temperature to which these exposed walls are daily subjected. 

The aforementioned works have all been designed and executed under the 
direction of Mr. H. R. C. Blagdcn, M.I.M.E., the General Manager of the 
.Alexandria Water Company, Ltd. 
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Another use for which reinforced concrete is finding increased favour in 
Alexandria is in^thc construction of cotton stores, or “ chounahs ” as they are 
locally called. These chounahs are of immense size, and in view of the 
exceedingly valuable n.iture of their contents (many chounahs ha\1i cotton 
stored to the extent of over half a million sterliaig during the busy season) one 
of the essential ix>ints in their construction is fire-resisting qualities. The most 
recent practice in building these^is to construct a skeleton work consisting of 
reinforced concrete columns pitched longitudinally and transversely at equal 
distances, these columns supporting the floors and roofs, which are made of 
the same material. The outside walls are of siliceous sand bricks, laid as panels 

between the columns, the 
interior division of the 
chounali into separate com¬ 
partments being jjrovided 
for in :i similar mannec 
Although from the 
testhclic point of vie\v these 
buildings leave much to be 
desired, yet for strength, 
low cost of upkeep, and 
immunity from fire risks 
they tire an immense im¬ 
provement over those 
chounajis constructed at tin 
etirlicr dale, and wherein 
the floors, roofs, and 
columns are in woodwork. 

In the harbour several 
notable works in rein¬ 
forced concrete have Seen 
carried out under the direction of Monsieur jondet, the Chief Engineer of the 
Port. These include a small breakwater built in pontoon form on land, 
launched, towed into position, and sunk. Latterly the same engineer has been 
responsible for the construction of a lighthouse on the same principle. The light¬ 
house in question marks the entrance to the main channel and replaces a steel 
structure destroyed during the winter storms. After the site had been care.fully 
levelled by divers the base or foundation of the structure, which w’as built as a 
monolith and in the form of an octagonal cone, was launched and floated into 
position, and after this was sunk and ballasted the superstructure or lighthouse 
proper was added in situ. 





Fi«. 9. 

Launching Pontoon Breakwatkr. 
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PRACTICAL DESIGN OF FLAT SLABS. 


THE PRACTICAL DESIGN OF 
• REINFORCED CONCRETE 
FLAT SLABS. 


By SANFORD E. THOMPSON * 

% 

TTie follovilng paper was presented at the meeting of the National Association of Cement 
Users, U.S.A,, in March, 1912, and as the designing of Flat Slabs for Reinforced Concrete 
Work ts one claiming considerable attention, we have reprinJed the paper here to show some 
of the views held on the subiect in the United States. —ED. 

Tiif. jnirpow of this papw is to prosenl matc'rial rovorin}4 tlw jjrac'tical task of 
iiif; il:i't slab floors for ri'inforced coiflTt-tc striirlurrs. Tli<“ n'qiiisilt* thiokrw*ss of slab, 
amount of reinforcoment, and size of column bead, for diiT<Tont loadin^fs and dHTcnail 
sjjans, arc j^iven in a table; Jind the tlmirios and <issumptlons invoKaxl in the com¬ 
pulation arc brictly discuss('d. Values not includotl in lhi‘ table may lx* w»)rkcd out 
from the formula, findint' the desired values of and C from the diagrnms.t 
Curves are }*iv(‘n also for the constants used in the desif*n of members with steel in 
top and bottom, and a|)ply not onl\ to flat slabs, but to any boiim or slab reinforixHl 
both in cumpr<*ssion and tension. 

Fur reinforced con<Tete builditiffs, the flat slab- or jjlrderh'ss ll<x)r, as it is somc- 
linu-s called— is as cheap, ;md frequently ch(‘ti|)er, than Ix-am and f<irder construction. 
'I'he smooth ceilinjfs with no interseclin}^ beams allow better distribution of the lif^ht. 
'I'he exp<*nse and compli<-;ition of installino sprinkler systems are lessen<“d. The clear 
headnH)m for the same story hei}»ht is increas<-d, or else, on the other hand, the story 
heij'hl may be made less without reducinf* the elTeclive headroom. This last (Xin- 
sider^tion alone is often imi)ortant enough to dictate flat slab fliM>rs. 

With flat slab floors the entire load is sup|M)rted direcll)' on tlu' ctiluinns, which 
are usually spaced about equally in both directions. "I'he column heads are enlarjfed 
so as to {f'ivc increased resistance in shear and bendinff ,at the points where this is most 
needed. The reinforcintj bars run lhrouf<h the slabs over the column heads in four 
directions, two rectanttular and two diagonal. 

'rh<‘ simplest way of considering the flat slab is to assume that a [tortion of the 
slab e.Ktending ti c<-rlain distance out from th<‘ column is a fl;it, circular plate, similar 
to a Japanese para.wl, but with no slope to its surface. This plate is fixed to the 
column and is assumed to extend out from it on all sides like a cantilever as far as 
the ]inef>f inflection of the slab, which line—as in other forms of monolithic construc¬ 
tion—is about onj'i-fifth of t^e net span away from the support. The rest of the slab 
may lx- considered as entirely separate from the flat circular plates, but simply supported 
from their outer (Hlges ivr circumfi-rences. » 

'I'his i.s no new theory, but is .somewhat similar in effect to that af a uniformly 
loadfxl, fixed or continuous beam. To illustrate this in practical fashion, we will take 
an ordinary beam jjniformlv loaded and fixed at both ends. This illustration does not 
in any way show the methods of determining a bending moment in the flat slab, since, 

• Consulting Engineer, Newton Highlands, Mass., U..S.A. 

t For an example of flat slab design worked out in detail see Taylor and Thompson’.s " Concrete, 
Plain and Reinforced," and edition, igii, pages 487 and 48 S. 
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as stated below, the actual bending moment is dependent upon the elastic theory. It ■ 
does, however, show quite clearly that we are justified in assuming the slab to be rut 
through on the Ikic of inflection. 

We know from simple mechanics that the moment at the support of an ordinary 
uniformly loaded fixed or continuous beam is Wl/12* and, at the centre, is Wljz^. 
Now, suppose at the points of inflection, which hlso by mechanics we know to be 
located at a distant o'2ii3i from each support, we cut the beam completely through 
so as to have a cantilever at each end with a simply supported beam betwetm. 'J'hc 
bending moment of the cantilever at its support, due to the load upon it, is 
o'2n3H^xo’2ii3//2, and the moment at its support duo to the load on the supi)()rted 

beam between cantilevers, is — ' irxo‘2ii3f. 'I'he sum of these two moments 


is 0*0223 H-^l+o’oGio H'7 =^o’oS 33 li '7 i>r M'7/i2. In otlw words, while this analysis is 
not that which can be usenl for a flat slab, because of the extra strength of the flat sl.'d) 
due to the multii)ie reinforrement, the division into s<*ctions corresponds to our assump¬ 
tion in the flat slab theory. In the same way we might show that the centre monuMit 
of the simple beam Kupporte<l by the two ordinary cantih'ver b<‘ams is 11^1/24. 

'rests of the flat slab construction at Minneapolist indicate that the line of irifl<‘ctiun 
of a flat slab floor is substantially the sjime as iA a fi.V'd beam, or about 1-5 the net 
distance betw^-en supjKWts, although, as would be ex]K-cted, the bending moment is 
entirely different. t 


PROBLEM OF DESIGN. 

'I'he problem of the design of the flat slab, then, resolves itself into (i) a determina¬ 
tion of the pro|X'r thicknesis and reinforcement required at the su))j)ort fi>r the cantih-ver 
circular jdate supiK>rting its own load and also the load of the rest of the slrd), and 
(2) a determination of the thickness and reinforcement tit the centre of the sixui required 
for the simjdy supixirUd section lying between the circular plalt*s. 

Vsrious Methods ot Design of Slab .—Vtirious methods ha\e been adwinced for 
the design of the flat sltib. Soni'C arc based m«*rely on defl<-ction tests, which give no 
true basis for comjiutations; others compute the steel ctirefully at thi* centn* of th<- slab, 
which is not the critical part; others consider the constructiivn to consist of beams 
iH'twet'ii columns with a slab between, thus obtaining ultra-cons<'rvative results; v/hile 
a plan still more common is to take the moment at the supports arbitrarily without 
regard to the size of the column head. 'I'he shear or diagon.'d tension near tb(‘ column 
head is frequently disregarded altogether. 

Shear at the Support. —'I'he direct shear at the supjMirt, as in any mechaniivd 
construction, is equivalent to the total load supported by the column. 'I'his shear is 
readily borne by the concrete and stwl. 'I'he diagonal tension, howeviT, which, as in 
a beam, may be considered as m<>asured by direct shear, must be carefully consiik'rcd. 
To reduix* the diagonal tension .-ind also to increasi* the resistance to bending of the 
slab, the column head is enlargetl. 'I'o still further increase the resistance, a part of 
the bars in the top of the slab ovct the .supjwrts may be Ixmt down just outsidi' of the 
supports and then carrml along in th<‘ bottom of the slab* 

In cither case, the shearing stress should bt* limited to definite units, although it 
seems |XTmissible to use a somewhat highe^ stress than in a beam. 

The diamPter of the enlarged column head, which is the actual support of the slab, 
should be governed by the shearing stress either at its circumference or at a short 
distance outside of it. ■ , 


* TVstotal live plus dead load. /=distaace in feet between supports. 

t See paper on “ A_ Test of a Flat Slab Floor In a Reinforced Concrete Building," by Arthur R. 
Lird, PrecetdiMgs National Aiseciation of Cottunt Uttrs Vol VIL, page 156. 
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Beading Moment at Support .—The theory of flat plates, which must be used in 
designing a circuiar plate, is not yet clearly established. By the use of what is termed, 
in mechanics, the elastic theory, we have a fairly good working ^ypotl«:sis. The 
analysis solved by Prof. H. T. Eddy* offers, in the writer’s judgment, the most rational 
solution of the problem yet advanced. 

In the dt^gn of the flat slab, tli<‘refore, the authort has started with Prof. Eddv’s 
analysis of stresses in a homogeneous circular plate, and from his general formulas 
liiis deduced by mathematics other formulas applying to circubar plates free on their 
e<lges and clamped ground the columns. In a flat slab thus supported there are 



horizontal stresses at right ingles to each other. I'he effect of these lateral stresses 
has been taken into account, this being express<id by Poisson’s ratio, which is the ratio 
of the lateral deformation to the deformation in the direction of the stre-ss. The value 
of this ratio is taken as o'l, which has been shown by experiments to hi* a fair value 
for concrete of 1:2:4 proportions. 

It has been found possible to reduce the complicated formulas derived by the Eddy 


• Engineers' Society, University of Michigan, 1B99. 

t The author is indebted to Mr. Edward Smulski for the computations involving intricate analyses 
by higher mathematics^ alsp to Mr. John Ayer for further studies in the practical design. 
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analysis into four formulas which are comparatively simple although still rather' com¬ 
plicated for practical use. These formulas are for four bending moments and can be 
applied not merely to the slab at the support, but to any point in the circular plate 
surrounding the^column. The four moments arc as follows ; 

Ml = moment produced by the loading that is uniformly distributed over the circular 
plate and causes circumferential fibre stress. 

M,=moment produced by this same loading, but Svhich causes radial fibre stress. 

K = moment produced by the loading from the rest of the slab that is distributed afong 
the outer edge of plate, and causes circumferential fibre stress. 

Mj='moment produced by the latter loading, but which causes radial fibre stress. 

\ study of the analysis, however, shows that the two circumferential moments are 
a minimum at the support and may lx* safely disregarded. • The two formulas for the 
radial moment may be combined and still further reduced to the following simple form , 
which can be used for a circle of any radius, r, within the circular plate. The meaning 
of the symbols is made clearer by reference to Figs, i and 2, which show the plan, and 
the section of a flat slab. 

Let 

<31 = uniformly distributed load around the outer edge of the plate in pounds per foot of 
length. 

iu=uniformly distributed load on surface of plate^ in pounds per sq. ft. 
ro=i'adius in feet to line of maximum bending moment (which is within the column 
head). 

n =outer radius of assumed plate in feet. . 

f=any radius in feet wbere moment is to be computed; for critical section, r is radius 
of column head. 

Cr„ Ce= constants given in Figs. 3 and 4. 

Mr = total radial bending moment to be used ordinarily. 

Zj —distance in feet between lines of inflection. 

Then total radial moment at any point of plate is— 

Mr~u>r'^Ce+groCg '■ 

For convenience in computation, values of the constants Cr, and C,, for various 
values'of the ratios r,/r„ and r/f,,, arc plotted in the curves given in Figs. 3 and 4.* 
With q expressed' in pounds fxr foot of length, w in pounds per square foot, and 
To in feet, the moments arc in foot-pounds per foot or inch-pounds per inch. 

PoBitloa ot Maximum Beading Moment and ot Maximum Stress.—As 
commonly constructed, the column head flares at tho top and is therefore more <Sr less 
flexible. For this reason the line of maximum bending moment will be located, not at 
the extreme edge of the column head, but a little within it. The maximum stress, on 
the other hand, will not be. on the line of the m.aximum bending moment because the 
strength there (since it is within the head) is increa.sed due to the greater depth of 
concrete. It is fair to assume, therefore, that the maximum stress is at the edge of 
the column head, and we may assume the " critical section ” as on this line. The exact 
location of the line of maximum moment is indeterminate. Under ordinary conditions 
it appears fair to assume its location as within the column head, a distance equal to 
the thickness of the slab. Therefore, M,.is figured for a value of r=r^ +t. In figuring 
this moment, values of the constants C and C, should be taken from the curves in 
Figs. 3 and 4. As in an ordinary fixed beam, this bending moment is negative, so that 
the upper side of the slab is in tension and the lower in compression. Having found 
the moment, the design of the reinforcement and the thickness of the slab may be 
worked out as for an ordinary beam. 

The curves in Figs, 5 to 8 inclusive wilf be found of assistance in working out the 
design. « 

Steel la Column Head .^—The slab at the column head might be designed with 
the steel all in the top of the slab running in four directions provided the slab is thick • 

* These stc drawn up from Vtiues id tables in Taylor and Thompson's " Concrete, Plain and Rein- 
and edition. 1911, page 518. 

, f Certain featnres of fiat slab leinfoicement are covered by Letters Patent, No. 1003384, of C. A. P. 
Turner, 

30 . 




PRACTICAL DESIGN OF FLAT SLABS. 


concrete will not be overstressed ki compression. In order to rcdu(X‘ 
. the thickness of the slab, and therefore save the additional cost and weight of concrete 
over the entire floor, it is economical to place steel in the bottom of the slab as well as 
figure it as assisting the concrete to take compression.« Since a portion 
of the bars need to extend only far enough beyond the column head to furnish suitable 
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bond, the cost of this additional steel will be much less than the cost of an additional 
thickness of concrete over the entire slab. 

To make it easy to place the concrete and also to bring the centre of gravity of the 
steel as near to the surfaces of the slab as possible in order to give the longest moment 
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and two layers in the bottom. The relation of the quantity in the top and bottom must 
be determined by the design. If a thin slab is desired, even more steel may be placed 
in the bottom tljan in the top. In the tables, three ratios of steel are given, and the 
percentages selected are those that will give the required working stresses in the 
concrete and the steel. ' 

The Minneapolis test already referred to shows that not only the steel directly over 
the column head, but the steel for a considerable distance each side, takes tension. 
In view of this test and of the tests made at the Univt*rsity of Illinois,* it is safe to 
assume that the steel may be spaced o\’er a distance at least e(.|ual, to the diameter of the 
column head plus threic^ times the thickness of the sliib. 

The determination as to whether the diagonal or reet.'inj!,ular steel should be placed 
at the top is governed by the relative quantities of each. More steel is required for the 
diagonal direction through the slab, hence th<‘ layers which are largest in s«‘ction may 
be run diagonally. 

Agreement with MlaaeapoUe Tests.—By our theory it is possible to compute the 
stresses not only next to the column head, but at any point in the slab. In several 
eases, knowing the exact location of the points where the deformations were measured 
in the Minnea]M)lis tests, we have computed the stresses at these points. Usii|4 5*6 in. 
.'u the moment arm, and including the radial bars bs assisting to take tension, we figure 
the maximum stress in the stet'l ovct the wlgc of the column as 25,000 lb. j>er sq. in. 
under the normal load of 225 lb. jmt sq. ft.,, as compared with 20,700 lb. ]H'r sq. in. 
given by Mr. Lord iis lla* aelual maximum stress'in the floor. This is no great<*r 
difference than there ought to Ix' between design and U-st, and shows our method to be 
slightly more conservative* than the actual test. 

The compression in the t'oncrete* is more difficult to check since th<* ex,'icl locations 
of the test piints are not giv«Mi. Computations, however, show unquestionably that 
our methods are conservative enough to alhw for the irregularltV's in concrete mixtures 
and the danger of not having perfect concrete at the erkical section. 

fitomeat nt Centre of Slab .— It is possibk* to adapt the Eddy theory to the 
design of the centre of the slab as well as to the. sujijxirts. In practical design, howc\ er, 
as has been indicated, the thickness of the slab is determined by the thirkne.ss at the 
supix>rt, which is always the gn'abT. But, in order to avoid too wide spacing of the 
bars and to adajit the centre reinforcement to th,'it over the Huppo.rts, more stK*! is 
generally run through the slab than the results of tests would show to be ncce.ssary. 
Consequently, instead of considering this from a theoretical stand|)oint alone, safe 
values for the bending moments may be selected, based on general principles of 
mechanics and qualified by actual tests. 

Let I , = distance betwt'en lines of inflection. This distance will be about three-fifths 
of the net span between column heads. 

For the rectangukir reinforc'oment, if tho slabs between the jxjints of inflection 
were simply suppewUxi, we should have a moment of wl^* /S. However, the bending 
moment in the Minneapolis tests, based on the maximum stresses under uniform 
working load, is about wZ//33, It would appear amply safe, therefore, to^adopt a 
value of M=wl ,*/12. 

For the diagonal reinforcement, the steel runs in tw#.* directions, and considering 
both thwry and test, a value of jV/ = «>Zi*/ 24 is conservative to use for the steel in each 
direction. «> 

Cras* St^el Between Colnmtaa .— In flat slab floors, cracks are apt to occur 
between columns on rectangular lines, because, since the span is shorter, the deflection 
!■» less than in the centre of the slab. To prevent these cracks, it is advisable to place 
cross reinforcement of small bars in the top of the slab. 

I ],»111 II I—I 1 11 —11 .mi. 

MSer on '' A Te«t of m Fist Slab Floor in a Reinforced Concrete Building:,” by Arthur R. 

PnetsdiMt* Nettonel Amdation of Content V$ero, Vol. VII., page i8a. 
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PRACTICAL DESIGN OF PLAT SLABS. 


TABLES FOR DESIGN OF SLABS. 

The accompanying tables give thicknesses of slab, reinforcement, and size of ccrtumn 
head, for various column spacings and loads. * 
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the two are equal; and the third where the area of steel in the bottom is one and a 
half times that in the top. This gives the designer a variety of thicknesses of slab. The 
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Dspdi of Stenl ia Taiudon. 


^ Steel in Compreasion 


FOR a s:0.20 AND a =0.23 

Area of Steel in Tension. 




'Area of Concrete ats^Ve'Steel. 

• • 

percentages of s^l selected are those which produce, with the given condikions, a 
ooinpreasive stross of 800 lb. per sq. in. in the concrete and 16,000 lb. in the .steel. In 
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PRACTICAL DESIGN OF FLAT SLABS. 


order to allow 800 Ib. in the concrete, it should be mixed in proportions as rich as one 
part cement to two parts fine aggregate to four parts ccjarsc aggregate. Poisson’s 
ratio is assumed as o‘i, which from recent tests np[X!ars to be a fair value. 

The size of column head has been figured for a shear of 60 lb. ner sq. in. on a 
circle a distance, t (the thickni'ss of slab), outside of the column head. This shear is 
used simply as a measure of the duigonal t<*nsion. The value is somewhat larger than 
is permitted in beam design, but appears to lx* warranted in the case of flat slabs. 

The st{*el in the centre of the slabs has been figured for a stress of 16,000 lb. 

DIugnnts tor Deslgalog Slobs, —To jmwide for cases not covered by the table, 
curves for values of Cg aijd C, are given, so that the moment under various conditions 



Fig. 7. Diagram Giving Valuks ok Constants in Formula 

a =r ot Steel in Compresaion. * _ Area of Steel in Tension. 

Depth of Steel in Tension. Area of Concrete above Steel. 

can readily figured from the formula for the bending moment given in a preceding 
paragraph. 

Dla^rmms tor Determlalag Steel la Top mad Bottom mt Beams or Slabs.— 

In Figs. 5 to g, curves are plotted for finding the values of the constants C„ and C, in 
the formulas for the steel Snd concrete stresses in beams or slabs with steel in top 
and bottom. The curves are drawn for different values of a, the ratio of distance of 
steel in compression from compression surface to distance of steel in tension from 
compression surface, and for different values of p'lp, where ratio cross-section 
of steel in tension to concrete above it,* and p'=iraAio of cross-section of steel in 
compression to this same area of concrete. 

* Where the tensioa steel is Rt the top, as over the support of a flat slab or beam, the concrete area 
is taken below the tension steel. 
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TABLE I.—DESIGN OF FLAT SL^BS. 

Thickness-OP Slab, Areas op Steel and Sizes of Column Head are Given for Different Spans and 

Percentages of Steel. 

Uve Load loo lb. per sq. ft. 


Span 
between 
centres of 
columns 
in feet. 

ft. 

Ratio 
of cross- 
section of 
steel in 
tension 

to 

concrete 

below 

steel, 

(P) 

Ratio 
of cross- 
section of 
steel in 
compres¬ 
sion to 
concn*te 
below steel 
in tension. 
iP ') 

Distance 
from 
bottom 4 
of slab to 
centre of 
gravity of 
steel in 
tension. 

id ) 

III. 

Approxi¬ 
mate total 
depth 
of slab. 

{*) 

in. 

Diameter 
of column 
head. 

ft. 

-Area of 
steel over 
column in 
tension. 

s<i. in. 

•Area of 
stwl over 
column in 
compres¬ 
sion. 

sq. in. 

Minimum 
area of ■ 
steel 
between 
columns 
per foot of 
width of 
diagonal 
band. 

sq.in. 

Minimum 
area of 
steel 
between 
columns 
per foot of 
width of 
rectangu¬ 
lar band. 

sq. in. 

T2 

0*014 

0*007 

4i 

sii 

2-00 

4-50 

4 2-25 

HQRjlll 

0*09 

12 

0*017 

0*017 


5 


2-()C) 

4-8i 

4-81 


0*09 

12 

0*022 


.li 

4 

. 

2-50 

7*26 

To-90 


t>*og 


0*014 

0*007 

5 

6 


2-25 

.3-94 

2-97 

0*19 

0*11 

14 

0*017 

0-017 ^ 

4^ 

5 

- 4 

2-75 

7-93 

7-91 

0*20 

0*11 

*4 

0*022 

0*033 

4 

5 


3-(K) 

!)'o6 

14-93 

0*21 

0*1 1 ' 

16 

0*014 

0*007 

f , 

7 


?*oo 

g-jii 

4-76 

fi*22 

0*12 

16 

0*017 

0*017 

5i 

6 


3-21 

lo-ys 

10-95 

0*23 

0*12 

16 

0*022 

0*033 

4$ 

5 


3-75 

14-01 

21-05 

0*24 

0*13 

18 

0*014 

0*007 

6* 

8 


3‘5G 

12-48 

6-24 

0*26 

0*14 

18 

0*017 

0*017 

6 

7 


3-73 

14-42 

14-42 

0*27 

0*14 

18 

0*022 

0*033 

•) 

6 


4-30 

18-67 

28-00 

0*28 

0*14 

20 

0*014 

o*oc»7 

n 

y 


4*<xi 

16-36 

8-18 

0*30 

o*i6 

20 

0*017 

0*017 

bi 

8 


4-50 ^ 

19-47 

19-47 

0*31 

o*i6 

20 

0*022 

0*033 

5 i 

7: 


J'OO <■ 

2 3-8y 

1.3-80 

0*32 

0*15 

22 

0*014 

0*007 

84 

10, 


4 ■30 

20-21 

lo-n 


o*i8 

22 

0*017 

0*017 

74 

'» 


5-00 

24-03 

24-05 

0-34 • 

o*J7 

22 

0*0*2 

0*033 

f.4 

8 


3'73 

11-05 

46-60 

0-35 

0*16 

24 

0*014 

0*007 

oi 

“4 


25-10 

12-55 

0-38 

0*20 

24 

0*017 

0*017 


10 


.3'7.3 

10-41 

30-41 

0- 39 

0*20 

24 

0*022 

0*033 

7 

84 

6'50 

37-80 

56-70 

0-40 

o-ig 


•Area of stec -1 over column head=circumferonc<- of column head In inchesNdxp or />' depending upon whether 
the steel is in tension or compression. This steel is assumed as distributed over the entire widths of the bands. Thus 
if a band of steel has z sq. in. steel in section, the area, effective, for two bands will be 8 sq. in. (See example.) 

TABLE II.—DESIGN OF FLAT SLABS. 

Thickness of Slab, Areas of Steel and Sizes of Column Head are Given'por Diffkrfnt Spans and 

Percentages of Steel. 


Live I.oad 150 lb. per sq. ft. 


1 

Ratio 

Ratio 

Distance 





Minimum 

Minimum 


of cross- 

of cross- 

from 





area of 

area of 

Span 

section of 

section of 

bottom 

Appioxi- 

Diameter 

•Area of 

♦Area of 

steel 

steel 

bi-tween 

steel in 

steel in 

of slab to 

mate total 

of column 

steel over 

steel over 

between 

between 

centres of 

tension 

compres- 

centre of 

depth 

bead. 

column in 

e.olumn m 

columns 

columns 

columns 

to 

sioii to 

gravity of 

of slab. 


tension. 

compres- 

per foot of 

■per foot of 

in fe(*t. 

concrete 

concrete 

steel in 




Sion. 

width of 

wid'h of 


below 

lielow steel 

tension. 





diagonal 

rectangu- 


Steel. 

in tension. 






band. 

lar band.. 

ft. 

ip) 

ip') 

(<f) 

m 

ft. 

sq. in. 

sq. in. 

sq. in. 




in. 

in. 

sq. in. 

12 

0*014 

0*007 

4l 

6 

2*25 

5-64 

2-82 

0-18 

0*20 

12 

0*027 

0-017 

4* 

5* 

2*50 

6-8r 

6-81 

0*19 

0*20 

12 

0*022 

0*033 

3* 

4I 

3 'Oo 

8-72 

1.3-09 

0*22 

0*20 

14 

0*014 

0*007 

. 5* 

7 


8-72 

4-36 

0-22 

0*12 

14 

0*017 

0*0X7 

5 


3-50 

21*22 

21*22 

0-23 

0*21 

14 

0*022 

0*033 

4l 


3-75 

23*22 

19-82 

0*24 

0*21 

26 

0*0X4 

0*007 


3*50 

22*03 

6-02 

0-26 

0*24 

x6 

0*027 

0*027 

*1 


3-75 

13-83 

1.3-83 

0*27 

0%23 

16 

0*022 

0-033 

4} 

6 

4-50 

17-75 

26-60 

0-28 

.0*23 

18 

0*014 

0*007 

7} 


4*00 

15-32 

7-66 

0-31 

o-i6 

18 

0*027 

0-017 


71 

4-50 

18-05 

18-05 

0*32 

0-15 

18 

0*022 

0*033 

Si 


5-.3« 

24*00 

36-00 

0-33 

^ 0*24 

20 

O'oi4 

0-007 

81 

to 

5*00 

2X-8o 

10*90 

0-.34 

0-17 

20 

0*017 

0*017 

■ 7 


5-50 

24-70I. 

24-70 

0-35 

0-17 

20 

0*022 

0-033 

6 

7| 

6-25 

3fl4 

46-70 

0-36 

0-16 

22 

0*0X4 

0*007 

9, 

io| 

5*50 

26-15 

13-08 

0-38 

0-18 

22 

0-017 

0-017 

3 

o| 

C 6-25 

31-07 

31-07 

0-39 

0-17 

22 

0*022 

0*033 

61 

6} 

7W 

39'S4 

58-80 

0-40 

0*17 

a - 


0-007 

lU 


7*00 

nto 

a 


0*42 

0*48 

0-2Z 

M 

(MU 



0-80 


if a 


Tbc vtdues pcinted in bbok type are figured for a column head 7 ft. in diameter, and the thickness of the slab is 
Nbaed to witbatand the shear. If the r^forcing rods axe so bmt that more than 60 lbs* in shear can be allowM 
1^’ onnerehe, the thi^cM of the dab may be decreased provided the steel areas are increased sufficiently to give 
Idlisiied atifingth. 

* Ai»a «ted over odmiin headaeiKumfetmoe of ediumn head & indiesxdxp or p' depending uptm whether 
sM b te taarion or oompreaaion. This steel is assumed as distributed over the entire widths of the bands. Thds 
bawitrf steel toas 3 aqt. in. steel in section, the area, effective, for two bands wUI be 8 sq. in. (See ezample.) 
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PRACTICAL DESIGN OF FLAT SLABS 


CEMfUNEFJtiMft^ 


TABLE III.—DESIGN OF FLAT SLABS. 


•Thickness op Slab, Areas op Steel and Sizes op Column Heap are Given for Dipperf.nt Spans and 

Percentages of ^eel. 

Live Load zoo lb. per sq. ft. 


Span 
between 
centres of 
columns 
m feet. 

ft. 

* Ratio 
of cross- 
section of 
steel in 
tension 
to 

concrete 

below 

steel. 

(/>) 

Ratio 
of cross- 
section of 
steel in 
compres¬ 
sion to 
concrete 
below steel 
in tension. 

ip-) 

• 

Distance 
from 
bottom 
of stab to 
centre of 
gravity of 
steel in 
tension. 

(rf) 

in. 

»Approxi¬ 
mate total 
depth 
of slab. 

«) 

m. 

! 

Diameter 
of column 
head. 

• 

ft. 

i 

•Area of 
steel over 
column in 
tension. 

sq. m. 

•Area of 
steel ovrr 
coluinu in 
compres¬ 
sion. 

sq. iti. 

Minimum 
area of 
steel 
between 
columns 
per foot of 
width of 
diagonal 
baud. 

. 

sq. 111. 

Minimum 
area of 
steel 
between 
columns 
per foot of 
width of 
rectangu¬ 
lar band. 

sq. in. 

12 

0*014 

0*007 

5 


Z*So 

6*6o 

3-30 

0*20 

o-io 

12 

0*017 

0*017 


St 

.1-15 

I)* i8 

9-38 

0*21 

0*10 

13 

0*022 

0*0 VI 


5 

.3-7S 

11*70 

17-55 

0-2.3 

0*10 

u 

0*014 

0*007 

6 

7i 


lO* 

• 5-16 

0*24 

0*13 

14 

0*017 

0*017 

.5 


.3-7S 

12*02 

12*02 

0*2^ 

0*12 

14 

0*022 


4* 

Si 


i5-»« 

23-80 

o-zO 

0*11 

16 

0*014 

0*007 

61 

6t 

4*00 • 

I4'2f> 

7-13 

0*28 

0*14 

16 

0*017 

f)*or7 

5 i 

71 

4-50 

ifi’fio 

i6-6o 

0*30 

0-14 

16 

0*022 

e-oji 


6 

5-SO 

21*70 

3Z-55 

0-32 

0*14 

18 

0*014 

0*007 


Q 

4-7S 

l8-8i> 

0-40 

0-.33 

OT7 

18 

o*nj7 

0*017 

6i 

8 

S'S» 

22*92 

22*92 

o«.34 

O'lfi 

16 a 

0*022 

«»*oi3 

si 

7 

6*SCi 

20-70 

44'60 

0-35 

0*14| 

20 • 

0*014 

0-007 

U 

• l'>t 

S'S" 

24-71 

iz-3t> 

0-37 

0-l8 

20 

0*017 

0*017 

7* 

«i 

fezs 

zq-oS 

zq-oS 

1 0-38 

0-17 

so 




7i 

7-00 ■ 

ai-as 

vrm 

0-88 

0*16 

22 

0*014 

0*007 


Ill 

6*zs 

31-38 

I5-6q 

1 OMZ 

0*20 

ss 



81 

10 • 



86’U 


0-18 

84 

0014 


lot 

18 

7-00 

87-80 

16-84 

0-46 

0-88 


The values printed m black type are figured for a column head 7 ft. in diameter, and the thickness of the slab is 
increased to withstand the shear. If the reinforcing rods are so bent that more than 60 lb. in shear can be allowed 
on the concrete, the thickness of the slab may be decreaseri provided the steel areas are increased sufficiently to give 
the desired strength. 

•Area of steel over colmnn hcad= circumference of column head in inchesxifxp or p' depending upon whether 
the steel is in ten'ioii or compression. This steel is assumed as distributed over the entire widths of the bands. Thus 
if a band of steel has 2 sq. in. steel in section, the area, effective, for two bands will be 8 sq. in. (See example.) 

TABLE IV.—DESIGN OF FLAT SLABS. 

Thickness of Slab, Areas op Steel and Sizes op Column Head are Given for Different Spans and 

Percentages op Steel, 


Live Load ^oo lb. per sq. ft. 



Ratio 

Ratio 

Distance 






Minimum 

Minimum 


of cross- 

of cross 

from 





•Area of 

area of 

area of 

Siam 

section of 

section of 

bottom 

Approxi- 

Diameter 

•Area of 

steel 

steel 

between 

steel in 

steel in 

of slab to 

mate total 

of column 

steel over 

steel over 

between 

between 

centres of 

tension 

compres¬ 
sion to 

centre of 

depth 

head. 

column in 

cokimu in 

columns 

columns 

columns 

■ to 

gravity of 

of slab. 


tension. 

compres- 

per foot of 

per foot ot 

in feet. 

concrete 

concrete 

steel in 





Sion. 

width of 

width of 


below 

below steel 

tension. 

. 





diagonal 

rectangu- 


steel. 

in tension. 








band. 

lar band. 


iP) 

iP'} 

(<<) 

(« 

ft. 

sq. in. 

sq. in. 

sq. in. 

sq. in. 

ft. 



in. 

m 

12 

0-014 

O'007 

5j 




3-50 

9-72 

4-86 

0-24 

0*22 

12 

0*017 

0*0X7 

4 

( 

5; 

• 

4-25 

^■27 

12*27 

0*25 

o*xx 

12 

0*022 

0-033 

3' 

i 

5 


5*00 

I5-S6 

23*30 

0*26 

o*xo 

14 

0-014 

0*007 

6j 

: 

7 


4-25 

14-03 

7*02 

0*29 

0*13 

14 - 

0*017 

0*0X7 

Si 


6 


5'00 

16-84 

16*84 

0*30 

o>xa 

14 

0*022 

0-0.33 

4 

■ 

S' 


6-00 

21*10 

31-72 

0-31 

0-11 

16 

0*014 

0*007 

7 


8 , 


• 5*00 

18*48 

9-24 

0-33 

0*15 

16 • 

0*017 

o'oi7 

6 


7' 


6-00 

23-10 

23-10 

0 j 5 

0'15 

x6 

$ 0*022 

0*033 

S 


6, 


7-00 

29-05 

43-50 

0*35 

0*t2 

18 

0*014 

0*007 

• 7: 


9i 


6-00 

24-59 

xa*30 

0-39 

0*17 

18 

0*017 

0*017 



8 


7*00 

Zq<l8 

86-7i 

20-18 

tHt 


o-i6 

18 

0-016 


4 


8 

✓ 

7-00 

0*16 

20 

£0 

0*0X4 

0*015 

0*007 

e*ou 

8 j 

8] 


10 

10 

• 

7*00 

TOO 


16-16 

85-88 

0-43 

0-48 

o*xo 

o*ii 

88 

(m8 

0-008 

10 

: 

18 



84-00 

tm 

if? 

OtB 

84 

omo 

0-000 

18 

. 

16 


™ 1 

»‘64 

V90 

0J8 


The values printed in biack type are figured to a column head 7 ft* bt diameter, and the thickness of the dab is 
increased to withstand Ufb shear. If the reinforcing rods are so bent that more than 60 lb. in shear can be allowed 
on the eonciete, the tbidmess of the slab may be decreased provided the steel areas are hiGreaied suffidently to give 
the desired strength* 

* Area of steel over column head=circumference of column head in Incbesxdx^ or p' depending upon 
the steel is in tension or compression. This steel is assumed as disttibuted over the entire widths of the Bands. Thus 
if a band of steel has z sq. in. steel in section, the area, efiective, for two bands wili be 8 sq. in. (See exam^.) 
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SANFORD E. THOMPSON, 


CGNCEOE 


EXAMPLE. 

For a warehouse floor with a live load of 150 lb. per sq. ft. and a column 
spacinj^ of 20 ft.*’each way, what is the necessary thickness of slab, size of column 
head, and amount of .ste<'l ? 

c 

Solution. —From Table 2 the thickness of slab is giv^in as 8^ in., the size of 
column head as 5-5 ft., and the area of steel as 247 sq. in. at top of slab and same 
amount at bottom of slab over column, using ratio of area of steel in tension to area of 
concrete below steel as o'oiy. Dividing these values by 4, as each end of the bands is 



oooo 0.005 aolo aois 0.020 0.025 aoso 0.035 ao4o 
Values of Cons+anf C, 

Fig. 8. Diagram Giving Values of Consvants in Formula 


f- ^ 

CM'* 


j _ Dep th of ia-Compression. 
Depth of Steel in Tension. 


Area of Steel in Tension. 

Area of Concrete above Steel. 


effective, we h.'ive 247/4=6'2 sq. in. as the area of steel in each band. For this may 
be used twenty f-in. round bars spaced 5 in. centre to centre for both tension and 
compression steel. 

The amount of steel required at centre of rectangular band is o’17 sq. in. per ft. 
of width. -Placing a |-in. round bar every 10 in. gives more than the necessary arra, 
but ease in placing the steel makes up for the extra amount. The amount of steel 
required at centre of diagonal band is o’35 sq. in. per ft. of width. |-in. round bars 
every 10 in. will thus give nece.ssary amount of steel. 






















A REINFORCED CONCRETE DOMB^ 


AN INTERESTING 
REINFORCED CONCRETE 
DOME. 



By DR. A. KLEINLOGEL, Lecturer in Darmstadt Technical College. 

• 

The effectl<tfeness of reinforced amcrete from the point of vievo of economy in space anc 
from the arttstic standpoint is mil shovm in the regtoratlon of the dome described in the 
follovilng article. We Hoould here mention that me are Indebted to the Journal, ‘*Beton 
V. Eisen," for our tllostrattons.—ED. 


The h|alth resort of Si. Blasicn, situated amongst beautiful pine woods in the 
southern pan of the Black For€st, has been celebrated for centuries, and not 
least for its venerable Benedictine abbey, although the latter has long been given 
over in part to industrial purposes. • The old monastery buildings are occupied 
by an extensive spinning mill, and only the central building, conspicuous even 
at a distance by its dome (F/g. i), remains devoted to ecclesiastical purposes. 
In 1874, however, an extensive fire broke out in the adjacent spinning mill, 
which also de- 
stroyed the 
w(X}den frame¬ 
work of the dome. 

Whilst in 1883 
the outer dome 
thus destroyed 
w'as replaced by 
one of iron 
covered with 
wood and copper, 
it was only pos¬ 
sible in 1910 to 
complete the inner 
structure of the 
churd^— namely, 
by separating the 
interior from the 
iron dome by a 

fireproof rein- ^ 

forced concrete saucer dome. 

The light construction of the outer dome did not permit of suspending the 
saucer dome from it. It had also to be taken into account that the outer walls 
and the drum had suffered damage from the fire, so that it was a fundamental 
condition that the old walls should be spared as much as possible. There were 
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Fig. 1 . View of Bsternal Iron Dome of the Chnrch. 

A ReinforcA Concrete Dome at St. Blasien, Germanv. 









A. KhEiNLOGEL. 



Fifi. 2. Left —Orittinal Design; Rifjhi —Construction of Saucer Dome finally adopted. 
A Reinforced Concrete Dome at St. Bi.asien, Germany. 


further conditions connected witlj the existing structure, so that ultimately a 
shallow construction in reinforced concrete was adopted {Fig. 2, rigljt half), 
which is in the upper part a flat dome of i5’4 metres diameter and i'5 metres 
rise, and in the lower part a 20-sided tent-vault, of 33‘7 metres span and 5‘25 
metres height. The upper part is painled'with-casein colours on a double lime 
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Fig. 3 . Details of Reinforoement. 

A RsiKforcbo CoNcrstb Dome at St. Blasien, Germany. 






























A REINFORCED CONCRETE DOME. 


plastering- by the artist, Georgi, of Karlsruhe. In this connection it is interest¬ 
ing to note that the wood framing of this part was, before concreting, covered 
vrith crushed granite, free from sand, in order to provide a siffficiently rough 

surface, free 
from cement. 
The tent-vault 
c o n s t r uction 
carries a sus¬ 
pended ceiling, 
or false dome, 
which hangs 
from the main 
structure by 
about 2,000 
galvanised 
wires, and 
consists of 

Fit!. 4 . Underside of Unlinished Structure. slabs of Duro 

A Rkinfohcicd Conckkte Dome at St. Ulasikn, Germany. ‘ ' . , 

• material. These 

slabs are composed of a mixture of plaster with chemical hardening agents and 
I'cgelable fibre, such as manill.-i, and are manufactured in Constance up to 
6 square metres in size, and can be reinfort'ed if necessary with steel. 

In order, as 
mentioned above, 
to minimise the 
strain on the old 
walls, a method 
of construction 
was adopted 
which must be 
described as in¬ 
genious and well 
conceived. The 
lowest tension 
ring of the dome 
bears a stress of 
156 tons. Had 
this ring and the 
ends of the ribs 
been let into the 
brickwork, the 
latter must have 
been considerably 
^ wetikened. . I n - 
stead of this, the 
ring is carried en¬ 
tirely outside the 
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A. KLEINLOGEL. 


masonry, and is free in space (Fig. 3). Only such connections are made 
between the ring and the struts as are necessary, first to suspend the ring and 
secondly/ to tra‘nsmit the stresses from the struts to the ring. This transmission 
is effected by means of special shoes constructed of flat and angle ironr. In this 



























A REINFORCED CONCRETE DOME. 



small vaults {Figs. 4 
and 5). The ribs, again, 
can mo^e over the wall 
by sliding bearings, 
the lower end of each 
rib and the seating 
being each provided 
with a piece of sheet- 
iron, 3 mm. thick, for 
this purpose. In order 
not to endanger the 
masonry by the lateral 
thrust of the structure, 
a straw mat 2 cm. 
thick is placed as a 
cushion between the 
vertical end of each 
strut and the masonry. 

The statical com¬ 
putation of the entire 
structure was performed 
by Schwedler’s method. 
The live load was taken 


as 50 kg./cm.® for the 

saucer dome and as 100 kg./cm.“ for the tent-vault. Snow and wind were 
excluded by the position of the structure as an inner dome. The rings and ribs, 






Fig. 9, Saucer Dome Centering panlr reinforced. ' 

A RxiMFoacBD Concrete Dome at St Blabun. Geemanv. 
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A. KLEINLOGEL. 




the stresses in which are mainly axial, are treated as columns for reinforcement 
{Fig. 3), whilst the intermediate panels are simply reinforced with straight rods 
{Fig. 6). TheTreinforcement of the saucer dome is composed of an inner and 
outer steel network, as is best seen in Fig. 9, from which the connections of the 
small dome with the tent-vault may be clearly made out. 

Since the height of the dome above the floor is considerable, special center¬ 
ing and scaffolding were required. For this purpose a form of steel scaffold, 
already employed with success *in many instances, was used, the details being 
shown in Figs. 7 and 8. Before use the scaffold was subjected to thorough 
loading tests and proved itself then and afterwards m actual use thoijjgughly 
satisfactory. The scaffolding consisted of steel tubes from 2's to 6 metres in 
length and 70 mm. external diameter, 3 mm. thick; at the joints tubes 50 cm. 
in length were pushed on with a tight fit. In addition, a nuniber of cross- 
connections were provided to give the necessary lateral stiffness. ' 

The construction of the dome was carried out at the end of 1910 by the 
well-known firm of Dyckerhoff and WIdmann, 160 cubic metres of concrete and 
38 tons of steel being used. The archit^tural design was due to Prof. 
Ostendorf and the State architect, Herr Schmieder. The statical computation, 
and especially the idea of the free-haqging tension ring, were due to the 
technical director of the firm, Herr Spangenberg, together with Herr Mund. 
The church is now again in use, and the solution here adopted may lay claim to 
a union of valuable constructional ideas with artistic effect. 


^israrsDcneRAD 

tENtaWEEBlN G-^^ 


BILLS OF QUANTITIES, 



I RECENT VIE^S ON 
CONCRETE AND REIN. 


; FORCED CONCRETE. 


THE CONCRETE INSTITUTE. 


It Is our Intention to publish the Papers and Discussions preserved before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise fyrm, and 
iu * manner as to be easily available for reference purposes. 

The method •me are adopting, of dividing the subtects into sections, is, tue believe, a 
nev) departure. — ED. _ 


THE CONCRETE INSTITUTE. 

BILLS OF QUANTJTIES FOR REINFORCED 

CONCRETE. 

By JOHN M. THEOBALD. F.S.I. M.C.I. 

The following is an extract of a paper by Mr. John M. Theobald, F.S.I., M.C.l,, 
read at a meeting of the Institute on November 2Sth, Mr. E. P. Wells, the President, 
in the Chair. A lengthy discussion followed, and was continued at a subsequent 
meeting on December 12th. Of this discussion a short summary is given. 

GENERALLY. 

Ai'TER some introductory remarks as to the reasons of the paper and some reference 
to the question of bills of quantities {generally, the methods employed in obtaining 
same, the author went on to say that at the pres<>nt time, when an architect decides 
to construct a building of reinforced concrete he sends a set of plans, sections, and 
elevations to one or possibly more firms of specialists, who then submit a scheme of 
construction under their r(^s[>('ctive systems, together with an approximate estimate 
of the cost. The firm whose tender is accepted by the architect then prepare their 
working drawings, which, with a bill of quantities (also supplied by them), are sent 
to the contractors, and the accepted tender is either incorporated by the quantity 
surveyor in the quantities sent to the general contractors or is the subject of a separate 
contract, as the case may be. 

REINFORCED CONCRETE. 

Reinforced concrete, from his point of view—namely, that of the quantity survevor 
—has but recently emerged from a healthy infancy; but, now that its «nployment is 
being adopted cm all sides, there is a feeling, not confined to the members of his own 
profession, that the specialist contractor should receive the same treatment as the 
builder. 

In ifdvocating the claims of the quantity surveyor in connection with reinforced 
conorete, the author was well aware that he would be told that time does not admit 
of his employment, and thit until the details are complete he would be unable to 
commence his work, and the delay thereby entailed might, be considerable. Whilst 
admitting the objection, his reply was that, if the building were, for argument’s sake, 
a steel-frame building, the steelwork details would have to be prepares, and he fc 4 t 
sure that he would be libelling the members of the Concrete Institute by suggesting 
that they take longer to supply their details than (to the steel manufacturers. 

Of course, there may be cases in which rapidity of construction is eiverything. 
Under those circumstances, the preparation of bills of quantities by a quantity survejw 
is impracticable. He may still, however, be advantageously employed in the preparar 
tion of a schedule of prices and subsequent measurement. 
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TMB CONCBBTE institute. 

PRESENT SYSTEM EMPLOYED BY CONCRETE SPECIALISTS. 

^ Under the prejjent system, the quantities issued by the concrete specialists, by 
their own showing, are prepared before the wttrking details are complete, and though, 
granting the ne'bessity (which the author does), he admits that they are in a better 
position to do their work under these* conditions thfin would be the quantity surveyor, 
by reascMt of their employment of consttmts and formulae of which he woifld have no 
knowledge. It must surely frequently happeij, however, that in making the various 
details it is found necessary to alter the drawings from which the original quantities 
were prepared, and the latter are, consequently, inaccurate to that extent. 

Uncto the present regime thtir correctness is not guaranteed, which, assuming 
for the sake of argument that the drawings from which the building is subsequently 
erected differ from those from which the quantities were prepared, would seem to 
press unduly hfird uixin the contractor. The contractorais mentioned because thi* 
author considers the risk in this case is more likely to be his than the building-owners’, 
as the alterations would more pn>hably tend to incTeasc the cost of the building than 
to diminish it. It is ol^iously not a jioint upon which a quantity surveyor can have 
first-hand knowledge. 

FORMS OP CONTRACT FOR REINFORCED CONCRETE CONSTRUCTION. 

The forms of contract under which reinforced TOncrete construction is carried out 
are, as far as the author’s own experience extends, four in number :— 

1. The ‘‘ lump-snim ” contract, in which the contractor undertakes to erect the 

building for a stipulated amount—no iTa*nition being made of the iftethod of 
dealing with any variations that may be made during the progress of the work. 

Anything in the nature of a “ lump-sum ” contract of this description the 
author thought most unsatisfactory. 

2. The “ lump-sum ” contract in which the bills of quantities do not form part of 

the contract, but the contractor undertakes to deposit a copy of his priced bill 

• of quantities, w’hich, as regards prices only, is to form a basis for arriving at 
the value of any extra or omitted work. 

3. The “ lump-sum ” contract, in which the bills of quantities form j«irt of the 

contract. 

4. The “ lump-sum ” contract, in which the bills of quantities form a schedule 

, only, and the entire building is remeasured. 

VARIATIONS. 

If, however, he urged the employment of a fully qualified quantity surveyor for 
the preparation of quantities for reinforctid concrete, he did so even more emphatically 
when dealing with the question of variations. 

It is apparently not usual for the concrete specialists, who prepare the original 
quantitie.s, to f«.*ttle the extras and <«Tiissions at the completion of the contract. This, 
a. any rate, was tht^ author’s experience. 'Phe measurement of variations—again 
speaking per.sonally only—is an acquired taste even when dealing with one’s own bill 
of quantities, but in reinforced concrete, unless under these circumstances, it is 
anathema. 

Quantity surveyors, from bitter experience of variations, have learnt to “ take 
off ” with a wi^alth of detail which would probably surprise many. It would be found 
that, whereas to the uninitiated the description of the item itself is comprised in half 
a line of utterly unintelligible abbreviations, a further two or three lines are taken up 
by a description of the particular portion of the building in which the item occurs. • 

A short time ago the author was appointed by the building-owner to measure the 
variations on a leinforced concrete building, with a firm of surveyors appoint^ by the 
contraotw. The alterations’ were unusually drastic, and •after a preliminary meeting, 
it was agreed that the specialists should be asked to lend their original dimensions for 
the purpose of arriving at the omissions. Fermission was, of course, readily granted, 
but upon th« contractor’s surveyor calling for same, he was shown a small sheet of 
paper on wluch, he was informed, were the dimensions in question. Further inquiry 
elicited the infomation that the dimensions from which these totals were obtained had 
.been destroyed as being cd no further use. • ' • 

Und<^ these circumstances, of course, there w'as no alternative but to re-measure 
the omitt^ work as best possible. Whether the measurements approximated to those 
oiilginally taken is in tlta highest degree problematical, and whether the building- 
owner’.or the contractor suffered bv the measurement will never be known. 
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This was not a typical case. He did not say for a moment that it is usual to destroy 
the dimensions when once the totals are obtained, but he did say that engineers, by 
the very reason of their profession, are not in a ]X)sition to take off the quantities fw 
their work. The methods of the modern quantity surveyor are the outcome of three?, 
if not fous, generations’ knowledge of tlie theory and the practice of his profession, 
and it has probably taken him between seven and ten years of constant application to 
acquire it. ^ The education of an efigintxT—with which term be, of course, included 
the specialist in reinforced concTete—is even more arduous, and the exercise of both 
professions in the person of one individual seemcxl to him almost an impossibility. 

ADVANTAGES OF EMPLOYMENT OF QUANTITY SURVEYORS. 

The author then went on to argue whether the employment of a quantity surveyor 
would have obviated any f>f the disadvantages of the various forms of contract that 
have been enumerated. 

In the first case, titat of the “ lump-sum ” contract jjurely and simply, thr* 
measuremtmt of the extras by him would, the .'lulhor ventured to think, result in a 
greater degree of accuracy, and wtruld probably be, advantageous from the building- 
owner’s point of view. 

In the second case, tlwit of the “ lump-sum ” contract in which the quantitit's do 
not form part of the contract, his employment would be amply justified. For anv 
shortage in the quantities he would be responsible to the contracUjr, and for any excess 
of measflrement to the building-«mwier. If he w'as correct in saying that no re¬ 
sponsibility is taken at the ixcesent time, the advtm'fages are obvious, both to the 
building-owner and the contractor; while, assuming an error against the latter, the 
leinforced concrete specialist would possibly be savtxl a succession of unpleasant 
interviews. 

In the third example, that of the “ lump-sum ” contract where the qmmtities form 
part of the contract, the advantages of the introduction of the quantity sur\'eyor are 
chiefly confined to the method of “ taking <ilT ” the original quantities and the conse¬ 
quent facilities for dealing with the variations. The rcsitonsibility is less, admittedly; 
but the author thought any quantity surveyor worthy of the name would prefer to tfike 
the resfx>nsibility for the accuracy of his quantities at, of course, a slightly increastxl 
fee to compensate him for the risk. ^ 

In the last case, where the bills of quantities form a si-lx'dule onlv, and the build¬ 
ing is re-measured, he rather fancied that no reinforced concrete sjjecialist would be 
prepared to give the time to such re-measurement. 

METHOD OF MEASUREMENT EMPLOYED. 

He did mxt know to w'hat extent method of measurement may bo taken as within 
the scope of his instructions, but he proposed to touch briefly upon tlie point. 

He had in his office at the pre.sent time a bill of quantities, preparixl by a firm of 
specialists in reinforced concrete, for building the cost of which runs well into five 
figures. It consists of three items—concrete, centcTlng, and reinforcement. The latter 
is subdivided into three items of rtxis or bars in varkius sizes, but beyond, presumably, 
an inspection of the drawings, this is all the information given to the contractor. 

With the greatest respect, the author ventured to say that no contractor, however 
experienced, can price that bill with any degree of accuracy, and he did not see how' 
he could be exinK-tid to do so. He was not saying he would not make a profit on the 
job, but he did say that he had no idea what profit. 

The 4ime, however, has now arrived when bills of quantities for reinforced concrete 
should justify their existence and be, in fact, such as will enable the contractor to 
form an accurate idea of theVork involved, which, in the author’s opinion, he cannot 
do under the present system. ^ 

SUGGESTIONS AS TO METHOD OF MEASUREMENT.^ 

In making the following suggestions as to method of measurement, he wanted it 
tc be clearly understood that he was not laying down any hard-and-fast rules. The 
• ideA is to obtain the opinions of members. - ^ 

The tendency under the- present conditions seems to be to unite as many items -as 
possible under one description. The author pleaded fw a “ separation order,” an 4 a 
fuller description of the work involved. 
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Ccutertag, — In the first place all concrete and centering should be kept ^parate 
on the various floors. 

The concrete in walls, floors, beams, stanchions, stairs, etc., should also be 
separated. It was not- necessary to further subdivide the concrete. The stanchions, 
for instance, if octagonal, circular, or circular on square—the beams if ta}>ering, the 
stairs if flowing—do not entail an additional labopr (speaking, of course, of concrete 
only), and there is, therefore, no object in further sejjaration. 

It is on the question of centering that the prcs<mt system of preparing bills of 
quantities leaves most to be desirejj. 

The prices of concrete and reinforcement are easily arrived at, and vary but little. 
The centering is by far the most difficult item for a contractor to price, and it is, tlx're- 
fore, absolutel)' new^ssarj' that the description should be a.^. full as |)ossible and e\ery 
variation and labour either measured or described. 

Wall Centering. —Commencing with wall centering- if circular it should be so 
described, and the radiuS given. Then, with regard to the vexed question of deduction 
for openings. Unless vtTy large, it has hitherto been the custom to assume tin* c<*nter- 
ing went across the openings, and, consequently, to ignore them. These openings 
should be deducted, and a numbered item taken of centering to openings of various 
widths and heights—averaged where similar in size, but not otherwise. This item has 
been measured pcs' foot run, but, as the inief cost is that of maintaining the supports 
of the wall centering in which the op<*nings occjtr, it is essential that the i^ntractor 
should have the actual sizes—an average of the same would be incorrect because 
misleading. 

Floor Centering.—\l need only Ik* mentioned that all raking, or circular cutting 
and waste; should be measured. 

Centering to Beam*. —I'he centering to beams should Ik* measured }>er foot super 
—circular being, of course, kept separate—including all cutting at angles, etc. If the 
beams are splayed on bottom edge, measure either “ Extra labour forming splay blank 
width on edge of beam casing,” ‘‘ Anglo fillet blank width and fixing on odge of beam 
casing to form splay,” or, take the item ” Including all splayed edges ”; the latter, 
however, the author considered un.s»tisf,artory. 

If the beams are irregular or unusual in sha[K', 1 «M'p the cent<Ting si'par.-ite and 
give a sketch. 

The centering to small beams, say, i8 in. girth and under, measure per foot run. 

Centering to Colamne. —^'I'he centering to columns and stanchions should be 
measured per foot super, every variation in the shape being kept separate and fully 
described. He preferred to include all cutting in the description, but it can, of course, 
be measured separately, though be saw no object in doing so. 

All extra labour, such as from octagonal to square, number as “ Extra over 
cent'^'ing for-” giving a full description. 

Centering to Stairs. —Centering to stairs should be measured per foot super, as 
” Centering to sloping soffit of stairs.” If ‘‘ flowing,” it should be measured 
separately. 

Edges ot Concrete Floors. — All edges of concrete floors, well-holes, sides of 
steps, etc., should be measured per foot run, giving the thickness, but if 12 in. thick 
or over, per foot super. 

He need hardly say the description of all centering should include for all necessary 
strutting up from floor below or otherwise supporting. , 

The steel (reinforcement being only of light bar, he did not think it necessary to 
separate the various weights on each floor. • 

Bars, — As, however, the prices of the bars vary according to size, until experience 
teaches which sections cmild be added to|;ether, it was advisable to keep them all 
separate undftr a heading cm the following lines :— 

The fcdkwlng' in bar-steel reinforcsement and" hoisting and fixing at various 
lev^ (not exceeding blank feet from ground). 

Wkh negand to the question of bends, hooked ends, etc., he ^as of opinion that, 
whet:^ the bar rdfaftwceiftenf fe of sufficiently small scantling to be brait cold; they can 
in the description, the labour being so small that, if numbered, they 
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are likely to disproportionately increase the price of the steel. Where, however, they 
have to be forged, they should be numbered. Stirrups and ties should be numbered, 
giving the diameter and length of the wire. * 

It would be advisable, at the commencement of the bill, to describe such of the 
methods of measurement as might be open to misconstruction by the contractor, as, 
for instance, that all window openipgs have been deducted from' the wall centering. 
This will probably only be necessary for ^ short time; but until contractors have got 
used to quantity surveyor’s methods of net measurement, he considered that any 
information tending to lessen the risk of misunderstanding is wisely given. 

There are, of course, many items which have not been touch^ upon, but he 
thought he had sufficiently indicated the principle of the method of measurement to 
enable criticism to be mad<^ 

Conctusioa .—Should the employment of quantity surveyors become customary, 
• it will undoubtedly lead to a greater degree of uniformity of method of measurement 
of reinforced concrete. At the present time the acquaintance of*quantitv surveyors with 
the reinforced concrete specialist was not one of long standing, but the author hojwd 
this would soon be remc'died. 

The I’resident, before the discussion was opened, rend n letter from Sir Henry Tanner. 

Letter tram Sir Henry Tanner, C.B., I'.S.O. (Past-PresidentJ. 

“I quite agree with the principles referred to by Mr. Theobald. 

“The practice of inviting design and tenders in open competition is, in my opinion, very 
unsatisfactory; it leads to cutting down of the most vigorous kind, although the design may 
be within the limit laid down. • 

“The quantities prepared by specialists are generally based on the French system, which 
is not very comprehensive in details. It is not unusual'to find a staircase put down as one item, 
whether of stone or wood. This is not what we in Kngland are accustomed to, and the results 
are difficulty in adjusting variations, and, I presume, in the majority of cases the building 
owner sutlers. 

“The necessity of dividing the items mentioned is of the greatest imimrtance, because 
while the co'ocrete and the steel can be ascertained definitely as a rule—not always—there is 
nothing to indicate the character of the false work. Therefore, while every care is taken in 
regard to the first two items to keep them within (he total (juantities provided, there is,no 
interest whatever in keeping down the false work, ('onsequently, when a flat slab might be 
made to meet the case by a small addition of concrete, the builder has to case round raking 
struts projecting on either side. The raking, cutting, and waste involved are patent to anyone. 

“ There is another matter having very serious results on the i)rogress of the work, and that 
is inultiiilication of sections differing by aands of an inch In diameter. The mills cannot be 
got to put in rolls for the small quantities involved, whereas there would be no difficulty if 
pains were taken to add a little to some and takeoff a trifle from others and adjusting distances 
apart. 

“ Under the present system the delays<that take place at the commencement are aiipalling. 
The drawings showing the plans and sections, and generally the fxisitions of the beams and 
stanchions, are prepared by the architect, and, together with a specification and conditions of 
contract, are supplied to ]>ersons indicating their desire to tender. This labour will be appro, 
(dated by architects, and adds considerably to their exfienses. With the tenders are supplied 
some calculations and a few typical details, and the contract having been secured after 
examination of these details, you are at the tender mercy of the specialist, and he suits himself 
bn the contingencies of his business as to the supply of the rest. It is the builder who is 
answerable to the building owner, and the specialist can generally shuffle out of any responsi¬ 
bility to hi* nominee. The consequence is that the ordering of steel is delayed, and the time 
allowed to the mills is altogether insufficient in normal times. 

“ In my opinion the specialist, like the architect, should be ready with the whole of his 
drawings, and the quantities should be properly prepared by a survejor on the English system. 
How far the rods should be divided into sizes is a matter rather depending upongirice per ton 
than on any other basis, but hoisting certainly has some small effect. I dare say the builder 
would put one figure to the lot, but he has the option of doing otherwise. The rod diameters 
^lould be as few as possible, and the false work, and hence the concrete placed in the forms, 
as simple as possible. I do not believe in varying the proportions of the cement; this leads to 
difficulty and increases the responsibility of the clerk of works, and when one considers that 
in three or four months the concrete has perhaps doubled in strength there is no need for such 
niceties and differentiation. 


* 
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“ If reinforced concrete building is to become popular it must be made as simple as 
possible, which means economy and generally is entirely advantageous. 

“My remark^have wandered somewhat from the scope of the paper, but still they all 
bear on the method to be pursued in tendering, I have had experience of obtaining tenders 
on the basis of general drawings and quantities, omitting the competition for design, and 
these have shown very good results—as good, if not better, than those obtained when com¬ 
petitive designs and tenders are resorted to. This latter system does not allow the liberty of 
alteration that tlie former is capable of. 

“ I beg to thank Mr. Theobald for bringing forward the subject, as, in my opinion, tne 
change is a fundamental one tund musf come.” 

A letter was also read from Mr. Burton, the Engineer to the West Riding of Yorkshire. 

Letter from Mr. W. E. H. Burton, Assoc.M.InstkC.E., M.C.l. 

“ I am much obliged to you for your letter enclosing me a copy of the paimr to be read 
by Mr, J. M. Theobald on “ Quantities for Reinforced Concrete.” ■ 

“ I hiive read the same with much interest, and regret that I shall not be able to be present 
at the meeting; however, I have pleasure in appending a few general remarks on the same. 

“ If Mr. Theobald’s paper results in the quantity surveyor becoming duly recognised as a 
necessary .agent in the carrying out of works in reinforced concrete, it will inaugurate a new 
era that will be hailed with delight by architects and (x^ntractors alike. Under the present 
system it is well-nigh impossible to secure satisfactory competitive tenders. The number of 
items in the quantities issued by concrete specialists,is too meagre to admit of Uficontraclor 
forming a complete idea of the work required to be done. The labour in bending bars and 
placing the reinforcement varies much in the ilifferent systems and is a very uncertain factor, 
and is often misleading to contractors who have*not had exi>ericnce in the particular system; 
hence such disproportionate tendering. Again, variations ajipear almost a sine qua non, and 
without a carefully drawn-up schedule of quantities an equitable settlement cannot be arrived 
at. 

“Quantity surveying has become a science only .acquired by years of training and ex¬ 
perience, and taking off quantities for reinforced concrete will call for still further attainments 
on tlie part of its practitioners. It will mean that they will h.ave to give reinforced concrete 
a closer study, and be at least capable of checking the various schemes they handle, and 
advising the architect ujxm matters of construction and detail. 

^ “ On the other hand, the quantity surveyor will require the engineer who formulates the 
scheme to supply him with an infinitely greater number of drawings, particularly large scale 
details, than have been considered necessary in carrying out such work in the past. 

“ Incidentally it will probably lead to more engineers designing their own reinforcements, 
and not relying so much on the so-called specialists. 

“The result will be to secure contractors a fairer basis upon which to tender, clients full 
value for their money, the architects more facilities in settling up accounts, and thus forward 
the use of reinforced concrete; and our thanks are due to the author for this able introduction 
of the subject.” 

DISCUSSION. 

Mr, A. Albaa If. Scoff, M.S.A. (Member of Council, tioncrete Institute), opened the dis¬ 
cussion, and referred to Sir Henry Tanner’s remarks with regard to architects receiving com¬ 
petitive schemes from so-called specialist firms at some length,. “An architect is usually 
employed to look after the clients’ interests, and he cannot look after his clients’‘interests if 
he throws the responsibility on to someone who is not a trained or professional person. , 

“ An architect is responsible to his clients if he does not employ a quantity surveyor for 
reinforced concrete work as for other work, and any trouble that might ensue ii^a building 
contract is morally thrown back on the architect. 

“ Specialists apparently do not attempt to guarantee thdir quantities; in fact, when any¬ 
thing goes wrong they do not even attempt to justify them. 

“Regarding the ‘lump sum’ contract, any contract is fair if it is entered into by two 
sane people'gpd provided there is no pressure on catering into that contract.” 

The speaker then dealt with various other points in the paper at some length. 

Mr. T. A. WhfSMt, M.C.fa, thought that at the present time there was too much undue . 
haste in the preparatiott of reinforced concrete schemes, and suffici^t time was not given 
to the cotitiactor- or the wncrete specialist to prepare and price the various schemes. There 
Itias on* thiB« ;■ if Mr. T'heobald’s suggestion was carried out, it meant practically the abolition 
^;epmpeliti0n between various reinforced concrete specialists. If Mr. Theobald’s scheme were 
eitrried put thh alcebitect or the building owner would have to .decide on a firm of reinforced 
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concrete specialists to carry out the work, or an engineer to design the work, and that, he 
considered, was something very useful gained. 

“ There are some difficulties in the way of carrying out tlie scheme, oge of 'which is the 
difficulty that the reinforced concrete specialist or the engineer will have in preparing detailed 
drawings of reinforced concrete work in time to satisfy the client, and in time for the quantity 
surveyor to take off his necessary particulars, because the details of reinforced concrete are 
very considerable and necessitate a lot* of arduous work on the part of the engineer, more so 
than is the case with steel-work construction, and where time is of value the only method of deal¬ 
ing with the reinforced concrete quantities is by the suggestion which Mr. Theobald has laboured 
through, doing a lump sum contract in which the bills^f quantities iorm a schedule and the 
entire building is remeasured.” 

Mr. A. a. Crots, F.SJ. (lion. .Se<retary, Quantity Surveyors* Association) : There was 
one |>oinl he did not think li^id been sufficiently emphasised by the lecturer, and that was the 
advantage which accrued to the building owner from the employment of the quantity sui- 
’ veyor. After all, it was the building owner who i)rovided employment for the architect, the 
engineer, and the quantity surveyor, and his interests should be thetr first consideration. 

“ An inestimable advantage accrues to the builder from the employment of the quantity 
surveyor; and the quantity surveyor once being employed, it is his duty to see that quantities for 
every item embraced in the building or engineering structure upon wdiich he may be engaged 
are provided, lly no .other means can the value of artificers’ work be accurately estimated— 
in fact, the surveyor’s opinion upon any question of value is usually worthless until the 
quantities'*are prepared for the particuliy building. There is nothing in either llm workman- 
shiji or the materials of a reinforced concrete structure which, from its nature, cannot be 
measured and its value estimated by the surveyor’s usual method of picking a comi»licated 
building to pieces and measuring each item oC which it is constructed. 

“ Further, the i)ro\ision of a bill of quantities usually re-sults in a lower estimate l>eiug 
obtained. This in itself is of advantage to the building owner.” 

Mr. S. Bylaader, M.C.I. (Chairman of Council, Junior In-stitution of h'.ngineers), advo¬ 
cated a system of simitlicity as regards taking out quantities. lie suggested forming a 
stand.ird, and it wcurred to him that a very simple way was unit prices or unit quantities, and 
that it could be adopted with advajitage. For instance, so many square feet of floor at certain 
thicknesses, and so niiiny foot run of beams of certain sizes. The quantises might also state 
the weight of steel per foot run instead of the total weight of steel. Further, the number of 
bends per ton of steel might be stated, as well as the size of the bars. It w.is very convenient 
for contractors to jrrice a bill of quantities which i-ontained as few items as tKussible; still, 
the different items should be separated so that thev could be proj>erly priced. 

With reg.ird to separating the items for different floors, he did not think this necessary, 
perhaps, for an ordinary sized building, but it was very usful to have the different quantities. 

Mr. T. B. Bare (V.-F. Quantity Surveyors’ Assn.) thought everybody would be better off 
by the employment of quantity surveyors in ascertaining the value of reinforced concrete 
work. One chief difficulty seemed to him to be the question of steel, and with regard to steel, 
and perliaps to steel only, he suggested that provisional quantities be calculated from ihe 
constants of steel, and there would then lie no difficulty with regard to the detailed drawings 
not being prepared in time. He thought a fair estimate of the amount of steel that would be 
required could be arrived at in that way. 

Mr W. a. Peiklaa (District Surveyor for llolborn; Member of Council, Concrete Insti¬ 
tute) did not think that constants could be used in the way suggested by Mr. Hare. 

He agreed with a good deal of what Mr. Alban Scott had said as to the specialist, 
although he did not go quite as far as he did. He thought ti nt tlic architect should learn a 
’little about reinforced concrete. He should be able to design his floors, his beams, and his 
stanchions ^n such a way that he would be able to show on his drawings approximately the 
number of bars, their arrangement, and their diameter, the amount of reinforcement to take 
diagonal tension, etc. The quantity surveyor is then able to measure it and put it into his 
bill. Thar would give the builder something to price, and it would give a basis upon which to 
measure e-xtras and omissions. • 

Turning to the question of measurement, the centering of floors should be with in a 
little more detail than Mr. Theobald suggested, but sketches and sections showmg the various 
sweeps and bends should be added to the bills of quantities. Further, the steel which obtained 
in helical or other curved reinforcements should be kept separately from the straight. 

Mr. R M. Kearat quite agreed with Mr. Theobald in advocating that quantity surveyors 
should prepare the bills of quantities for reinforced wqrk. but it seemed to be generally under¬ 
stood that the patentees of the different systems insisted on the use of quantities prepared by 
their own e.vperts. This, for various reasons, was not a satisfactory state of things, and it was 
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highly probable that the client would obtain closer and more favourable estimates from con¬ 
tractors if they were supplied with bills of quantities which would give them a reasonably 
accurate idea of tHe work required to be done under the terms of the contract. 

The matter was one of deep interest to quantity surveyors, for it was evident that the 
employment of reinforced concrete was rapidly increasing. 

With reference to the items projxised to be inserte<l in bills of quantities, he did not agree 
with Mr. Theobald on every point. Labour items shdiild be discarded as much as possible. 
They were likely to be over-priced sc* far .as the centering was concerned, the latter to a large 
extent being only chargeable as “ use and waste.” It was not customary to measure the labour 
on centering in connection with the strtoework in Gothic window and door openings. 

All the concrete walls and floors should be supered, keeping each floor separate. The 
concrete in beams and piers might be cubed. 

The centering to walls and floors should be measured over ifll surfaces and billed at per 
square or foot super. The casing to beams and piers, cornices, jambs, etc., might with 
advantage be measured at per foot run, stating the girth and giving a figured section in the • 
margin of the bill showing any angle fillets or splay cutting. 

With reference to the reinforcement itself, the whole of the steel bars, loops, stirrups, 
or ties should be weighted and billed at per cwt. There should be no numbered items. When 
wire is used for binding it need not be measured, but should be mentioned. In slwrt, the jirice 
quoted per cwt. for the reinforcement should cover the whole of the smiths’ materials and 
labour. 

Mr. W, B. Divla (M. Quantity Surveyors’ Association), after dealing with Mr. Alban 
Scott’s remarks .and some general references to quantity surveyors, said, with regard to the 
centering, there was one point which offered difficulty, and that was the re-use of centering. 
For example, take a warehouse with, perhaps, five or six floors; it made a very great difference 
to the cost of the centering as to the number of times it could l>e re-used on the same building 
without a large allowance for waste. 

Mr. Oeorge Corderoy, Aaaoc.lBat.C.E., P.S.I., M C.I. : “The difficulty which is ex¬ 
perienced in taking out quantities for reinforced concrete work really resolves itself into 
this, that the system of reinforcement to be pursued has so seldom been settled before the 
tenders have been invited. The practice which has largely prevailed hitherto has been to invite 
the estimates for various systems of reinforced i-oncrete for the same building or for the same 
structure. 

In dealing rather extensively with reinforced concrete work in different forms—monu¬ 
mental buildings, warehouses, jetties and wharves, etc.—at any rate in the present state of 
knowledge and in the present welter of systems—it does not .seem possible to lay down .any 
absolute method of measurement, as the methods of measurement must necessarily vary 
according to the nature of the building to be erected.” 

Mr. W. R. Hood, P.SI. {M. Quantity Surveyors’ Assn.)., said : “Speaking from personal 
experience, detailed quantities should be taken out for special work, for which, up to recent 
times perhaps, large sums—^provisional sums—have been put into the bills of qu.antities. In 
reinforced concrete work the same would have to be <lone as has hitherto been the case with 
iron constructional work. 

“The subjec't of the paper that Mr. Theo.bald has read will certainly lead to considerable 
discussion in the future in another place—in fact, in two places; for surely the Surveyors’ 
Institution should feel it incumbent upon them to call a meeting of their own members and 
the Quantity Surveyors’ Association and, with the assist.ance of the reinforced concrete 
specialists, formulate a system of measuremeints which will be generally adopted. 

“ There is, undoubtedly, an element of speculation in the present system. If a specialist ‘ 
is invited to give an estimate for a particular system of reinforced concrete work, he naturally 
takes out the quantities in such a way as to cover him for any contingencies that fake place, 
and therefore the estimate that he produces is not an accurate estimate of the work that has 
to be carried out. There are variations in the general drawings and the detailed drawings, 
after the quantities have prepared by the specialist, and those variations, if not adjusted, 
undoubtedly benefit the reinforced concrete sp^ialist, not the building owner.” ’ 

no ProoKMdt showed a method which he had adopted for several years in taking out 
quantities, and, as a rule, the original quantities can be taken if they were asked for at anv 
time, and «,v«ry measurentent checked from start to finish. ’, 

Taking, as an exan^le, one thing only—a column—and assuming,*for the sake of argu¬ 
ment, t^t the base being dealt with inclined at an angle of 45 degrees. In taking out 
quantittejs, th» is the method he adopted. Paper that is specially ruled divided up in five 
columaii.fBlastrati^ on blackboard]. For the sake of argument, let the first column repre- 
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sent concrete, the next represent shuttering, the third represent steel, the fourth represent 
the abstract or the analysis—this is the rate column—iind the last is the totulin |>ounds, shillings, 
and pence; thus giving every detail of the quantities from start to finish. It is not a case here 
of taking out quantities all over the place, then starting afterwards and abstracting them— 
and that is whe^e so many mistakes are made. 

1 aking the first item—concrete. (Jiive its area by its thickness and reduce it down to cubic 

feet. 

Dealing with the next column—the measurement for shuttering [illustratingj. Xow, if the 
angle is 33 degrees, shuttering for that base is not required, as the concrete will stand up, 
but if it is to be 45 degrees the concrete will not stand up; therefore it becomes necessary to 
I)ut a subheading under “ shuttering,” for the simple reasem that the extra cost of making the 
shuttering on the splay is c^iused by the cutting of the angles and the holding of the whole 
together. 

The steel column shows the whole of tlie steel—sizes of biirs, their letvgths, their weights, 
and also the shear members. This gives the weight of the steel in the base. 

This finishes the base of the column, with everything tiiken out—its concrete, its steel, its 
shuttering, both plain and splayed. Then carry the totals into the abstract column, also if 
there are any labours; but, as a rule, in column bases they are absent. In t.aking out proper 
bills of quuntitie.s, this gives everything for the ab.str.act without having to refer to back sheets. 

Regarding the column shaft, the same method applies. First take the concrete, then the 
plain shuttering, the splayed shuttering under a separate heading; then take the steel in plain 
rods and an\ hooping or linking undef separate headings, all of which is alnstracted in the 
iourtli colunvn, as well as any extra labour, etc. 

This same method can be applied to jevery description of work. If by any possible 
chance there was any circular work, it was taken as an e.xtra foot super on the ordinary work. 
When it came to winiiows, the deductions should be made for the window are.a, and it should 
be stateil in tlie qu.antities that everything was net, notwithstanding any trade custom to the 
contrary, lie contended that this system, if followed out in its entirety from start to finish, 
made reinforced concrete quantities the easiest to take out of any work. 

He recommended that all quantity surveyors should depart from their usual method of 
taking out quantities for this work. 


ADJOURNED DISCUSSION. 


The PreaUeat, in continuation of his remarks of the previous week and in accorduiiLtfwitli 
requests received by him as to the metho<l he employed in taking out <|uan,tities for rein¬ 
forced concrete work, had i)rcpared a cartoon illustrative of his system. This carltam simidy 
represents the sheets that go out to a contractor when he applies to him to get out designs aiul 
quantities for the work. With the aid of the blackboard, the speaker then further amplified 
his remarks of the previous week. The method clearly indicates the necessity of separating 
out the dilTcrent item.s, such as steel, shuttering, concrete, column work, etc. 

He then called ujion other members to continue the discussion. 

Mr. R. W. Vawdray, B.A. (Assoc. 1 ^.Inst.C.K.; Member of Council (M.), said he was 
connected with a specialist firm, .and entirely agreed with all that was contained in Mr. 
Theobald’s paper. The whole jiosition of the question of designing reinfoirced concrete work 
in competition as it exists at i»resent is most unsatisfactory, due to a very great extent, he 
thought, to the absence of the regularised method of dealing with the matter that obtains in 
nearly all other cla.sses of construction. 

The great difficulty and the great amount of dissatisfaction which occurs in connection 
with the design of reinforced concrete work is owing to the fact tliat contractors are asked 
to tender not upon one set of designs or one set of quantities, but on many such designs, all 
differing Trom each other. It is that which induces the chief objection there is to the present 


system. , 

As regards the question of time, everybody who has had any experience with the question 
would agree with Mr. Theobald that the specijfilists concerned—that is, those firms who make 
it their business to design in reinforced concrete—will welcome wkh open ariM the introduc¬ 
tion of the quantity surveyor. As is pointed out in the paper, the employmenf of a quantity 
surveyor merely relieves the concrete' specialists of a great deal of elaborate work for which 
they are not so well fitted as a quantity surveyor, and, of course, it relieves them also of the 


responsibility. * 

As regards a separation order, this is a very good point, and has been elaborated by the 
President in his remarks. The more the quantities and the different portkms of the structure— 
the fittings, columns, beams, etc.—are separated, undoubtedly the clearer and the cheaper it 
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After dealing with the discussion at some length, the speaker stated m conclusion that he 
thought it was generally admitted that the present condition of tendering for reinforced 
concrete work is very unsatisfactory. Hut he did not wish to say that the specialist firms are 
to blame in the matter. If all architects would only realise that the specialist firms e.MS 
for the purpose as a specialist firm of designers, things would be very much simplified. At 
present, in the great majority of cases, architects or quafitity surveyors acting for their clients 
almost invariably ask the specialist firms to submit tenders, lhat is, of wiurse, absolu^ly 
incorrect. The specialist firm does not, exceiit in a very few instances, submit tenders. The 
specialist firm is a firm whose existence's for the purpose of designing reinforced concrete work. 

Mr. Frederick Hlagttoa (M. Quantity Surveiors’ As-sn.) : There are one or two more points 
to be mentioned with regard to the taking out of quantities for reinforced concrete work. 
First, with regard to the concrete work itself, the speaker said Jie did not agree that small 
rods should be taken, unless they are very numerous. 

As regards the centering, this should be given at i>er foot run, giving the sizes of the 
beams where jiossible. Of course, where the sizes differ' very considerably they might be 
averaged. Shuttering should include the triangular fillets and any labours upon them. As 
regards the larger steel work, the labours on them should be taken and the whole of the steel 
work should be kept separated under its different sizes. 

There was one other point not mentioned by the lecturer, and that was the finishing of the 
concrete. He as.sumed the lecturer would take that separately and treat it very much as the 
quantity surveyors do—namely, the plaster or similar finishing on the inside and ^whatever 
facing is on the outside. 

Mr. a. C. Workman, M.S.B. (Member of Council. ( oncrete Inst.), speaking from the ixiint 
of view of an engineering designer working umjfr a patented system, ventured to make the 
following remarks : 

First of all, he was very pleased to see that Mr. Theobald states quite clearly that he is 
making no reflection upon the quantities supplied by the engineers under the present system, 
and that his criticism is solely directed against the actual method of dealing with reinforced 
concrete work, and not against its exponents. As a matter of fact, the reinforced concrete 
engineers are directed by circumstances over whicJi they have very little control, and they 
would in many cases welcome the help of a quantity surveyor. lie personally had endeavoured 
for many years to bring about a collalwration between the reinforced concrete specialist, the 
architect and the surveyor. Unfortunately, the engineering designers are depending upon the 
requirements of their clients, and competition prevents each individual firm of engineers from 
attempting to dictate the proper course which the client ought to follow for the mutual benefit 
of all concerned. 

Regarding the lecturer’s remarks as to the correctness of the quantities not being guaran¬ 
teed, the speaker stated that most of the firms of engineering designers working on similar 
lines to his—the Coignet system—must guarantee the accuracy of the quantities, or at least of 
the unit quantities of concrete, steel and centering for each element of the construction. It is 
evident that, under these circumstances, taking into account the fact that the work must be done 
in many cases with extraordinary rapidity, there is a. considerable amount of risk. The point 
is, assuming that surveyors would be willing to take out the quantities very rapidly of a 
large number of competitive schemes throughout the year, would they be prepared to take the 
financial responsibility for the accuracy of their quantities, and also to do this on the under¬ 
standing that they would not receive any remuneration whatever for all those schemes which 
the firm of engineers in collaboration with whom they were working were not successful in 
securing ? 

Before anything practical can be done in the direction suggested by Mr. Theobald, it will 
first be ne^ssary that quantity surveyors should make an exhaustive study of the various 
systems which are at present continually in competition for works in reinforced concrete, and 
also that they should solve the question ais to whether or no| they are prepared to work in 
collaboration with the designers, on the same speculative terms as the latter are compelled 
to adopt on account of the fact that they see another alternative. 

Mr. Theor^ld states that the methods of the modern quantity surveyors are the outcome of 
the knowledge of three or four generations who have had constant practice in this profession. 
Unfortunately,' the quantities for reinforoed concrete are quite different from anything 
to whidt aurv^or^ are aogustomed, »o that the experience of all their ancestors will be of , 
very little avail to them. Ip fact, unless a quantity surveyor has a perfect knowledge of ^he ' 
pafticalar systeai of reinforoed concrete for which he has time to take out quantities, he is 
far 'Iwa. -cppable •■oi. doing this work properly and rapidly than the specialist engineer. 

Xn ooaclUsipA,. the entire question concerning the employment of quantity surveyors in 
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conjunrtion with reinforced concrete chiefly depends on whether or not the quantity surveyors 
are willing to take the same responsibilities and run the same risks as the specialist engineer. 

Mr. MorliM Kahn, M.CI., thought Mr. Theobald has the honour of h|ving presented one 
of the most interesting papers that has bee"V read before the Institute. 

He, too, hoped that sooner or later the quantity surveyor will take an active part in the 
measurements of reinforced concrete work. 

The preparation of quantities for*reinforced concrete work is probably more intricate than 
the preparation of other quantities. Kach designer has his own method of detailing the work. 
These methods differ to a considerable extent, and standards which might be drawn up for one 
designer will not apply to the other. The measuring o 4 the concrete and steel in the respective 
items is a simple matter, and under ordinary i ircumstances the meaxtiring of centering is a 
simple matter; but the ordinary circiimst.ince is not the rule, with the result that, speaking 
offhandedly, it is a difficult miatier to generalise a inetho<l of measuring quantities of centering. 
It seems that satisfactory re.sults can be obtained by giving the contractor general measurements 
of the centering and submitting with the measurements suclt drawings as will enable him to 
understand the nature of the work he will be called upon to perfoT«>. After carefully stwlying 
such drawings, his experience ought to teach him how to price the centering. 

The present method adopted by the si)ecialist is oiie which has been forced uiwn him by 
circumstances over which he has no control. 

Mr. Percival M. Fra*er: As .i niiantitj survexor he took cxceixtion to a few remarks that 
Mr. Theobald had made. He did not think there is one client in a thousand who ever sees 
the billSjOf quantities, and a client would not pursue them with any great gratitication. 

Regarding the lecturer’s remarks ?is to the procedure adopted by the architect deciding 
to construct a reinforced concrete building, he thought this was quite wrong. He saddles an 
architect with this somewhat undesirable method of carrying out a concrete building. He 
might have included engineers. Architects Tio not adopt this method. The concrete specialists 
themselves are beginning to freely state that they think the spirit of competition is xrcry 
iniquitous. Every day seems to show a falling off in the desire of architects to have their 
concrete schemes prepared in a spirit of vulgar and elbowing competition. In regard to the 
.s])ecialist’s approximate estimate, it can be done b'* special request; but surely it is not the 
common practice that Mr. Theobald states it is. With regard to the quantities supplied by 
specialists, this is absolutely universal. The specialist should, however, absolutely refrain 
from giving quantities unless he is prepared to give them by employing quantity surveyors 
trained up in the office. 

Mr. Theobald, in quoting the forms of contract, might also have included the R.Rll.A. 
form, which is admitted by lawyers to be one of the finest forms of contract extant, applying 
to any business or trade; and he might h.ave statetl—which is of vital interest—that this 
R.I.H.A. form is issued under two headings, one where quantities form part of the contract 
and one where they do not form part of the contract. 

There is also another form of contract which has been omitted—a very im|)ortant 
one largely used for alterations—prime cost plus profit. It is a highly complicated form, but 
in many cases it is e.vceedingly valuable, and it should have been mentioned in an authoritative 
paper of this sort. 

The whole trenil of this paper is, and quite rightly, a plea for (he employment of quantity 
surveyors. 

MR.. THEOBALD'S REPLY. 

Mr. John M. TbaobaU, P.S.I., M.C.t, said his paper had been rather under a mis¬ 
apprehension. He certainly meant it as a justification for the employment of the quantity 
surveyor and only very little of it was on the methods of measurement. Most of the speakers 
have dealt at length with the methods of measurement, and consequently the greater part of the 
paper, except by one or two speakers, has not been touched uiK>n. 

The general consensus of opinion seemed to be that No. 4 form of contract was the most 
practical outcome of the methods of measuring reinforced concrete work. That is the ancient 
schedule of subsequent measurement. 

Then, dealing with Mr. Rate’s criticism w regard to the question of steel work, of course, 
in initial quantities, he admitted it was necessary to ask the weight per^foot from the 
specialist. If the contracts are not prepared they cannot be put in by any other method. 

AVith regard to Mr. Kearns’ criticism and his suggestion of measuring beams per foot 
round, he could not^puite agree. He thought Mr. Kearns a little inconsistent because he pleads 
fpr a shorter bill of quantities, and then running all the beams in various sections. That 
would make a very long bill. He did not think it mattered very much if the depths ere the 
same and only the width.s are averaged, but he did think the superficial method was the better 
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way of dealmg with it. In regard to Mr. Kearns’ suggestion that all the ^oncre'e walls and 
floors should be included in the superficial, he did not see that it could be done. 

Mr. Davis’s ipoint as to the rules of cenrering for concrete is one which he was afraid 
quantity survejors could not deal with. They must measure the entire amount of centering 
and leave it to the contractor to make such reduction in the price he thinks necessary. 

Mr. Workman wanted to know whether quantity surveyors would be prepared to deal 
with quantities under the circumstances that he mentioned. The answer is in the negative. 

In regard to Mr. Fraser’s remarks about the question of clients seeing bills of quantities, 
it was the variation account he (the lecturer) referred to. 

Regarding the two forms of gontract omitted, they should, of course, have been 
mentioned. 

Then, as to the question of net measurement, that is a direct contractor’s question. It is 
the very last item ; but what is intended by net measurement is l^is : in the rough and ready, 
quantities have to be prepared in a rush at the present day by competition. For instance, 
the stanchions would go right through the floor, and then the floor would not be deducted 
for the passing o£ the staachions. Th it is the «ort of thing meant by net measurement, and 
it is understood by contractors. 



A REINFORCED CONCRETE RISING MAIN, 


NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heading reliable information will be presented of new works in coarse or 
mnstraction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, bat rather to Indicate their existence 
and lilastrate their primary features, at the most explaining the Idea which served as a basts 
for the design.—ED. 


A REINFORCED CONCRETE RISING MAIN. 

I HE accotnpanying illustrations show a rising* main in reinforced concrete at Luton, 
Hedfordshire. This main is about one mile long, and has an internal diameter of 
about 27 in. The skin thickness of the concrete is 3 in., aml^the steel reinforcement is 
2.^ per cent, of the volume of concrete. The pijje has no lining of any kind, and 

according to a test made by 
the borough engineer of 
Luton, the pijK* after having 
stoixl full for 12 hours lost 



such a small quantity of 
water that he considered the 
same to be perfectly water¬ 
tight, especially bearing in 
mind that the valv«- which 
closed the bottom end of the 
main could not be seen and 
might not have been abso¬ 
lutely watertight. The pipe 
also underwent a test of (x) lbs. 
pressure i>er sq. in. continu¬ 
ously for six months on the 
contractors’ pnanises t(f‘for«‘ 
<lelivery. The work w.as 
curried out und^r the super¬ 
vision of the boremgh engi- 
nei^r, Mr. J. W. Tomlinson. 
M.Inst.C’.E.; and the con¬ 
tractors w('r<? the British Ini- 
proved Construction (h., Ltd. 

A REINFORCED CONCRETE 
INCINERATOR. 

The Incinerator measures 
2 ft. q in. by 2 ft. q hi. inside, 
and the height from the fire¬ 
bars to the bottom of the fc<‘d 
door is 2 ft. 

The whole, with the ex¬ 
ception of the doors, firebars, 
and top of flue, is made of 
reinforced concrete. The 
walls are 4 in. thick, and the 
flue and arch arc 3 in, thick. 

The concrAe is i Port¬ 
land cement, 2 sand grad^, 
4 stone ballast up to ^ in. 
Each side is moulded sep.i- 
rately, the back, side, and 
bottom of flue being moiUded 
in one. T*he reinforcem«tt 
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A ReiNroRCBD Conorbtb Risino Main at Luton. 


rUBW WORKS IN CONCRETE. 




consists of two layers of i in. wire netting, li in. from the face inside and ^ in. from 
the face outside. For the reinforcements across opening J in. round bars are used. 
In the back piecje \ in. round bars are run up into fhte front of the flue, the sides of 



Showinti Main under Test. 

A Reinforced Concrete Rtsing Main at Luton. 


the flue having diagonal i in. round bars securely fastened to the bars in the back 
piece of the chambw and to other bars in the back side of the flue. 

In the arch, which is moulded on the centering, wires are run across along the 
course of the arch from the 
rods left projecting in the side 
pieces, and J in. rods from 
the front to the back piccc.s. 

'The various sides are 
moulded at site, with steel 
feet, which are embedded in 
lime concrete. When the 
sides arc in position the pro¬ 
jecting porticos of the wire 
netting are tightly interlaced 
and the corners filled in with 
concrete. 

The arch is then moulded 
on centering. The firebars 
are made up in three sections, 
which are removable for re¬ 
pairs, and which rest on steel 
lugs moulded into the sides. 

The upper of the two doors 
shown in the flue is for a 
grass filter for the smoke. 

Dry grass is put oo wire 
netting which extends across 
the flue, and this catches most 
of the oily ^ibstance in the 
smoke which gives it its un¬ 
pleasant smell. These particu¬ 
lars and illustrations were 
pla^ at our di^sal a 
IN^espoflideint in India, Cap- , „ 

i P M OP A Rbinfosccd Concrstk Incinbrator w India in Course of 

tain r, rt, n.eaiy, K.II. > Construction. 
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reinforced concrete retaining wall, 

A RfilNrORCED CONCRETE RETAINING WAUL. 

Our illustration shows a new reinforced concrete retaining wall recently erected 
at Basford, in Staffordshire, in place of an existing one which haa' shown signs of 

failure in different places. 

As considerable improve¬ 
ments are to be effected in this 
locality in the future, the new 
reinforced concrete wall was 
designed to carry all the 
pressure that was ever likely 
to come upon it, and that part 
of the wall shown under con¬ 
struction in the illustnation 
attains a maximum height of 
20 ft. ab(we future ground 
level. 

It was essential that the 
high-level road should be 
interfercnl with as little as 
possible. Buttresses were, 
therefore, out of the question, 
and a cantilever wall wiis 
adoptcxl with a bjise project¬ 
ing under the low-level road, 
about 2 ft. beneath future 
road level. 

The wwk was carried 
«iut under the instructions and 
superintendence of t h e 
borough engineer of Stok('- 
on-'I'rent, Mr. \. Burton, 
Assoc.M.lnsl.t\E., to the 
designs of thi* IndenU'd »Bar 
and Concrete Engineering 
(;o.. Ltd. The contractors were Messrs. F. Barkc & .Son, of Stoke-on-Trent. 

A REINFORCED CONCRETE TANK AT A CURRENT METER RATING 
STATION AT CALGARY. ALBERTA. CANADA. 

We present herewith some particulars of a reinforced concrete tank, forming part of 
a current meter rating station at Calgary, Alberta. 

In designing the w'ork for this statioA the aim was to gain the; most perfect apparatus 
possible for rating the current meters and to create a permanent structure, so that it 
was early decided to use concrete in the construction of the neces.sary tank. 

As no stretch of still water having a suitable length and depth was available, it 
was necessary to create a tank, and in studying its design two points had to be 
principally considered. First, as the water supply had to be taken from the city mains, 
the tank bad to be made proof against any leakage. Secondly, the cross-sectional 
water area was required as small as possible and yet of sufficient dimensions to guard 
against any following on movement of the w’ater, in running the meters through the 
tank. To overcome the fiij^t difficulty a heavily reinforced structure was designed, 
such that being emptied and exposed to the weather in winter no temperature crack.s 
could develop, and the inside faces of tJie tank were water-proofed by Sylvester’s 
process. In deciding on the proper cross-section of the tank to overcome the second 
difficulty no data were obtainable, but with the tank as constructed no following on 
movement or undue disturbance of the water has been observed even with the largest 
meters tested at velocities as high as lo ft. per second. The length of the tank 
(250 ft.) was adopted in {wder to bring the cost of the structure within the limits of the 
amount of money available, but provision has been made in locating the tank for its 
future extension to a length of 500 ft, which is desirable in order to attain the highest 
degree of accuracy. 
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The concrete tank is 250 ft. long with an inside width and depth of 6 ft. bv 
5 ft. 6 in., and the depth of water to be maintained is 5 ft. The floor and wails are 
8 in. thick and ftre reinforced heavily, longitudinally and'transversely, with i-in. round 
mild steel rods, in order to absolutely preclude any temperature cracks in the concrete. 



The concrete was specified a mixture of one part Portland cement to seven parts clean 
river grav'd, to have at least fifteen turns in a good machine, and to be placed wet and 
tliorougHl^ tampbd. All the interior faces were thoroughly spaded in order to create 
a‘snKioth .cl(^>grained surface, to which to apply the Sylvester’s wash. Ail steel rods 
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REINFORCED CONCRETE TANK. 


.'•l joints were overlapped i6 in., and it was specified that they were to be wired so as 
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8-in.^ foundation of large stones overlaid with smaller stones and gravel, in order to 
provide thorough drainage for any water which might leak through the tank, so that 
when the tank js emptied in winter and exposed to the weather no heaving might 
result from any water being lodged under the tank bottom. The soil beneath is of 
sandy character, which is permeable to water. The water supply is from a a-in. iron 
pipe laid from the city mains, and a 6-in. tile drain 224 ft. long, fitted with an iron 
gate valve at the tank, allows the tank to be emptied at any time into the river. After 





RifiN»ORCED Concrete Tank for Ci rrent Metfr Ratino Station. 


the tank was completed all the inside faces were treated with two coats of .Sylvester’s 
wash. Up to the present the tank has been twi(jp exposed empty to .severe aold with 
the thermometer at —30°, and no craclting of the concrete whatsoever has resulted, 
except a few hair-line cracks near the top of the walls. As regards the water-proofing, 
two observation shafts were left along the tank sides running down to the foun^tion, 
and no leakage whatever was observed during the summer when the tank was full, 
except a slight dampness at the bottom of the s^ide walls. It should be noted that 



‘ General View. 

Reinforces'Concrete Tank for Ccrrekt Meier RaJino'Station. • 

another Teasem why it was desired to make the tank leak.*^oof is that rt is intended to 
obtain ^evaporation rwords at the tank in futurf^ Seasons; 

; THwi WdfH was Cjsrried out, for the- Ift^tion Office, DepartmetU of Interior, 
‘ Daoaidi^ the supesyisiem of |iw Chief Engineer, Mr. F, H. Peters, 

A.]Nta!?|a.Soc,C3 # yhom we are indebted for our illustrations and particulars. 

. Of COl^RETf ftRICK'8. -'>■ 

OtggtLtW? ittuShratlons ahow the hack and fj|0«t view of a house ereoted- in Hove, near 
ihrkks.. Red concrete lacing brinks have hew dsed up to the 
The proi>oftit») of mixture was seven .parts sea sand 
bj «i!B pairt miraenil^ Nbtural Cohetefe bricks were Used for the rou^ cast part. 
*' • 6a 
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HOUSE OF CONCRETE BRICKS. 


I 

'i'hese bricks consisted of four parts sea sand, four parts coke breeze, and one part 
cement. The bricks used were those made on the machines of Messrs. R. H. 
Baumgarten, of Lewisham, S.E. 
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CORRESPONDENCE. 

■ 

Under this heeding we invite correspondence. 

Below we print e letter reUting to the London County Council's edminisirailon of the 
London Building Amendment Act, 1905. We, like several other technical ioumals, have 
received this communication, which sets out the appronmate number of existing buildings 
requiring attention, the causes to which the present state of affairs may be attributed, and 
some suggestions as to how the existing dangers may be remedied. 

We referred to the s tb/ect editorially in our previous issue, and in the current number 
we have also accorded an editorial tgfUce to this matter. 

Our columns are open to those who desire to criticise figures given, io those who wish 
to reply io the indictment, or desire to comment upon the suggestions made, — ED. 


FIRE PROTECTION AND THE LONDON COUNTY COUNCIL. 

How the Councire Existing Powers could he enforced without undue expense or dclsy. 

Sir, -A full month fias elapsed since the fatal K<‘nsin|>ton fire. 

One would have thought the I^ondon County C'ouncil would have betm most 
anxious to prevent the repetition of such loss of life occurring again in the many 
existing buildings of a similar character. 

But both in the Council Chamber and in the Press the Chairman of the Building 
Act Committee! of the Council appears only to be anxious to find excuses for^its lack 
of activity in administering the Building Acts (Amendment) .Act of 1905, by giving 
entirely non-relevant information as to the supervision of buildings about to be erected 
—as distinct from existing buildings —the rjumbiT of insjn'ctions made under the 
r-ViPtory Acts, etc., i.e., useful, but entirely extraneous activities of his Dejiartment. 
His aim also st'ems to be to ibelitlle the number of exi.sting buildings requiring the 
attention of the ('ouncil, while on the other hand, exaggerating the difficulty of the 
character of the w<>rk that has to be done. 

Regarding the figures that 1 have put forward from time to time in the Press and 
elsewhere, a.s to the number of e.xisting buildings requiring attention and the verv 
small proportion of these buildings that have be<m put in order during the past seven 
)'ears, the Ix>ndoin County ■(kmncil has not been able to contradict those figures, or ynit 
up any other pertinent ones in their place, and 1 would thus now summarise my data 
once*more as indiciiting the Council’s extraordinary lack of energy in providing fivr 
the siifety of the public. 

My figures, to summarise, are as follows 

(i) There have been 48,5^6 ca-ses notified by the District Surveyors to the Council 
under Sections 10 to 12 of the 1905 enactment as requiring the Council’s 
attention. Of these only 351 cases have been put in order so as to comply with 
Section 11, and only 4,430 cases have either been exempted, or ordered to be 
improved under Sections 10 and 12 of the .Act. The balance that remains and 
awaits attention is thus close on 44,000 cases. 

(ii) There are further well over 50,000 buildings awaiting attention under Section 
9 of the Act, and of thest* only 527 have been jiut in order in the past seven 
3’ears {i.e., up to June 12th last), together with, say, an additional 100 up to 
date. In other words, over 49 ,o<k) buildings are still awaiting attention under 
this Clause. 

Bluntly, this means that there are to-day between 93,000' and 94,000 existing 
buildings which have been awaiting for seven j'ears the Council’s pleasure, and 
the majority oi these buildings might have been put in order by this time 
without any very great effort on the lx)ndon Coumt^ Council’s part. 

< Now without touching on questions of Ridden policy or municipal politics, the 
known caus^ for this state of affairs compri^ the following:— 

(1) A lack of co-operation and mutual confidence between the Council and the 
building owners. 

(2) A lack of co-operatioip betwe^ the Council and the 50 statutory District 
Surv'^ws—-who are Wot actually their employees—and a certain amount of 

on the part of the Council in the District Surveyor’s work, 
of all energj’ or earnest in the matter on the part of the Council 
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per se as distinct from their technical officers— i.e., their Superintending 
Architect, Assistant Architect, and Committee Clerk, all men of exceptional 
ability and high purpose. • 

(4) A lack of industry and savoir faire on the one hand, and much “ woodenness ’ 
on the other, in the Council’s Building Act Committee. 

(5) .An extraordinary undermanning of the Building Act Department, having 
regard to the work that it Ihould attend to, and particularly an insufficient 
number of suitably jjaid managing assistants— i.c.. Deputy .AssisUint .Architects. 

(6) A general public impression—fostered cither purposely or unwittingly by the 
Council—that the .Act is a “ dead letter.” • 

It is, however, no use complaining of the County Council’s failings without indicat¬ 
ing some practical and economic remedy useful' alike to building owner and public 
authority. This remedy, to mv mind, is a very simidc' one, and comprises the 
, following :— 

(a) A public announcement in the Press (to be repeated fhonthly) that it intends 
to have the whole of the work under the Building -Arts (.Amendment) .Act of 
1905 remedied by January ist, 191S, the‘public announceni<*nt to be followed 
by two circular notices in the 44 ,o(m) notified cases under ,S<’Ctions 10 to 12. 

(b) .An immediate instruction to the District Surveyi)rs to notify to the Council, 
say within si.v months (as set out in .Section 17) iill cases they consider to come 
uTider Section 9—a matter th«t has been jiractically neglected during the prtst 
seven years—and imnndiately Ufion receipt of these notifications an is.sue of 
two circular notices to owners concerned that the Council are prqiared to 
receive suggestions accompanied* by plans with jjrojiosals as to convenumt 
dates for carrying out the necessary structural imj)rovem<‘nts, and are prejiared 
to assist in every possible way ajjplicants who volunteer plans and offcT practical 
HMiiedies. The circular mitices should indicate c<‘rliiin ])rimary princijiles 
desired by the Council, such as alternative mutes of exit from workshops and 
dorniit(jrics. 

(c) A cancellation of the existing embargo that the fifty District .Surveyors are mit 
to press the execution of work under Secticens 10 to 12 in tlieir resf)ective 
districts, and in place of that embiirgo an instruction that they shall .s<!e tltat 
the whole of this work is carried out by 1918 or earlier, the instruction to».set 
out certain guiding principles as to remedies and also grounds for exemption. 
.As to exemptions, any recommendation for exemption signed by the local 
District Surx'eyor and two adjoining District Surveyors should be accepted 
ipso facto by the Building Act Committee as .a prima facie case for exemption 
without further investigation or expense. 

(d) The energetic enforcement in 1913 by legal proe<'edings of at least one 
notoriously bad ciiw under Sectit)n 9 and one under Section 10 in each di.strict 
as an earnest of the Councilintentions. 

(c) The formation of several Sub-Committees of three in the Building .Act Com¬ 
mittee to sit weekly to accelerate the decisions requiring the Committee’s 
attention under the 1905 Act, with the necessary strengthening of the Superin¬ 
tending Architect’s personal staff and the staff of the Committee Clerk. 

(/) The immediate strengthening of the ” Escape ” branch in the Building .Act 
Department by five managing assistants, twenty senior assistants, twenty 
junior assistants, and twenty clerks, etc., all on the temporary e.stablishment, 
tne staff to work by areas, and each senior assistant to follow his own ca.se from 
beginning to end, .al^modern mechanical equipment and facilities to be used to 
accelerate the work, including photography and mechanical copying instead of 
tracing. • 

(g) The publication quarterly of a list of building owners who have complied with 
the Building .Acts (.Amendment) Act of 1905 and the addresses o^the buildings 
that have been put in order. 

If the remedy lie organised somewhat on these lines the Council will, in the first 
place, find that much of the necessary work will be done by owners voluntarily within 
the given time-limit at their own dates and in a manner convenient to theipselves— 
t.c., when doing their usual decorative and structural repairs. They will find a vast 
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number of the owners will submit their own plans and suggestions. The Council will 
be rid of much of the work under sects, lo to 12, which the district surveyors are quite 
capable of handling, and they will find their intentions to carry through this somewhat 
unpleasant duty of enfwcing the Act of 1905 in an equitable and businesslike way will 
be ap^n^eciated and met in a proper spirit by the majority of building owners and their 
professional advisers. As to the cost that falls upon the building owners, they have 
already had seven years’ time to accumulate the hecessary funds. 

Given a procedure on these lines, the necessary alterations to existing buildings 
can be readily completed in five years, and the structural work will not be found to 
inconvenience the metropolis, as "it is mainly internal and less in quantity than what 
has been done in London in several active building fXTiods of lesser duration. 

There is, I feel sure, little that is unreasonable in my proposals as to the remedv 
ot the present grave scandal of unnecessary danger from* fire, and I thus trust that 
what I suggest, or something equivalent, will be promptly carried into efTeot in I he 
interests of the commqpity. • 

I am, dear Sir, 

Yours very truly, 

Edwi.v O. .Sacii.s 

Offices of the 

BRITISH FIRE PREVENTION COMMITTEE, 

8 , Waterloo Place, London, S. W’., 

December nth, ign. • * 
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AT HOME AF7D ABROAD. 

A short sammaty of some of the leadinq hooks xohich have appeared daring the last fevt months. 


** Artistic Brldgs Dsslgii." Br H. G> Tgrell. 

Chicaiio; The Myron C. Clark Puklishinii Co, Price 

!BI3 net. 

A handbook consisting mainly of small 
illustrations and comments. There are 
242 figures and plates in the 287 pages. 

Mr. Thomas Hastings, the well-known 
architect of New York, contributes an in- 
• troductory chapter on the general problem 
of the architectural character of bridge 
design, with some special ref(*rences to 
the design prepared by his firm for the 
new Manhattan Bridge. The author’s 
chapter headings deal with the Importance 
of Bridges, Reasons for Art in Bridges, 
Standards*of .Art in Bridges, Causes efor 
Lack of Art and Six>cial Feiitures of 
Bridges before Principles of Design are 
discussed, and the Consideration of Steel' 
Structures, Cantilevers, Metal Arches, 
Susi)ension and Masonry Bridges follows 
and complete the index. 

We venture to think that this order 
suggests that the relation between cause 
and effect—^thaL is, between constructional 
cause and artistic effect—has not been suf¬ 
ficiently appreciated, and that the large 
and miscellaneous collection of small 
jihotographs and thumb-nail sketch eleva¬ 
tions need fuller analysis and some elimi¬ 
nation before the real “ Causes for Lack 
of .Art ” in Bridge Design are laid bare. 
Mr. Tyrell, however, interestingly states 
his conclusions as follows :— 

“ The reasons for lack of beauty in 
•American bridges are as follows : 

1. Indifference of engineers and their 
lack of artistic training. 

2. Competition and commercialism, 
resulting in use of contractors’ plans. 

3. Lack of co-operation from archi¬ 
tects. 

4. Ab^nce of art standards for metal 
bridges, 

5. Haste in construction.* 

6. Railroad bridges Used as proto¬ 
types for others. 

7. Legal and financial hindrances. 

■ 8. Inadequate material. 

q. Unsuitable and unsymmetrical 
location. • 


10. Absence of State or Municipal 
supervision. 

" The Standards of .Art in Bridges ” 
proposed by the author are generally free 
and sound, but, we fear, insufficient to 
guide the student, while No. 4 begs the 
whole question. They are : 

1. Conformity with environment. 

2. Economic use of material. 

3. Exhibition *of purpose and con¬ 
struction. 

4. * Pleasing outline and proportions, 

5. .Appropriate but limited u.se of 
ornament. 

It is to be regretted that opinion in the 
universe has become so mixed on the 
simplest problems of design, thremgh the 
, multiplication of facilities for the eco¬ 
nomical reproduction of photographs and 
sketches, and that the expensive careful¬ 
ness with which .such an important subject 
should be treated has to be deemed 
luxurious; .students therefore have, in 
.many subjects similar to that treated in 
this book, as best they can, to digest a 
crowd of imperfectly illustrated examples 
on quite insufficient information ^nd 
wrestle doubtfully with insecure con¬ 
clusions. 

This handbook will not advance the 
serious study needed, and for the English 
student will not replace the pamphlet con¬ 
taining Mr. Husband’s paper on the 
“ .(^isthetic Treatment of Bridge Struc¬ 
tures ” read before the Institution of Civil 
Engineers in iqoi with the report of the 
important discussion in which some lead¬ 
ing architects took part which ensued 
during two meetings. The aesthetically- 
minded engineer would, we fear, be too 
simple to with.stand his clients’ thirst for 
sensations, while the practically-inclined 
artistic critic would scarcely carry con¬ 
viction of his sincerity to his audience. 
Bridge architecture remains still a test of 
natural characteristics; what we shall do 
• next, who knows? Why not a simple 
concrete beam across the J/hames? at 
once embodying all the primitive virtues 
of constructional efficiency and avoiding 
the pitfalls of art criticism. 
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Iheae pages have been reserved for the presenUMon of arHcks and notes on proprietary 
inaierials or systems of consfractton put forward by firms Interested tn thetr appltcatton, Wtfh 
the advent of methods of constractton reqatrtng considerable skill tn design and saperviston, 
many firms nowadays command the services of spe^alisis whose views merit most careful 
attention. In these columns such views will often be presented in favour of different 
spectattties. They must be read as ex parte statements—with which this journal Is In no way 
associated, either for or against—tut we would commend them to our readers as arguments by 
earltes who are as a rule thoroughly conversant with the particular industry with which they 
are assoclaied.—ED. 

TRIANGLE MESH CONCRETE RSNFORCEMENT. 

A FORM of reinforcement of American desifin has been brouj^ht to our notice by a 
recent report of the I^itish Fire Prevention Committee, which report we reviewed in 
our last issue. It is a trianf^ular wire mesh, and, though comparatively new to this 
country, is extensively used in America and other foreign countries. It is |):irlicularly 
appHciiblc tn slabs and partitions, but is also commonly employed for columns and 
pil>cs of large diameter. 

It is made of hard drawn cold steel wire with a tensile strength of 3<S tons to the 
square inch and an elastic limit of 22 tons per square inch. There sire no weliis in any 
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part of tihe labric,^ ahd the process of drawing eliminates the possibility of flaws. It is 
of a truss form of construction, which provides an excellent mechanical and adhesive 
bond in the concrete, and reinforces in every direction. The cross-wires assist the 
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longitudinal members in resisting the tensional stresses, thereby increasing the 
effective sectional area and enabling the engineer to use a lighter material for carrying 
a given load. Being of the hinged-joint construction, the fabric is flexible, and mav be 
felded on any longitudinal member without bending the cross-wires; consequently it 
can be made to aisume various conformations without producing any initial stresses. 

The difficulty of 
maintaining equal 
spacing of bars is 
entirely avoided, and 
the material can be¬ 
laid by unskilled 
labour. It is supplied 
in continuous rolls uj) 
to 300 ft. long, so that 
no material is wastwl 
by longitudinal laps; 
architects and engi¬ 
neers can therefore 
readily ensure that 
the amount of rein¬ 
forcement the y 
specify is actually 
ins talk'd. 

As stated above, 
the mat<'rial was sub- 
niHted to the British 
Hongkong IIotei., Hongkong, China. Fire Prevention (x)m- 

mittee on July 24th, 

iqi’, find successfully passed their severest test, the calculati'd factor of safety being 
3j. The follo'\ing is an extract from their report:— 

Ohjkct ok Test. 

To record the effect 
of a fire of three 
hours’ duration, the 
temp<*ratur<‘s to reach 
1,800° Fahr., but not 
t o exce<-d 2,000° 

Fahr., followed by 
the application of 
water for five 
minutes, with a view 
to classification under 
“ Full Protection ” 

(Class B). 

Note ,—The area 
of the floor under 
investigation was 

to be# at Hongkong Hotki.. Hokckono. China. 

200 ft. .super. The 
floor was to be, 

loaded with 280 lb. per square foot distributed. 

The area of the floor in this case<wvas 334 ft. super., divided into three equal 
reinforced concrete bays, supported by four rolled steel beams; the beams had a 
span of 15 ft., and the bays measured 15 ft. by 7 ft. $ in. centre to centre; J.he 
floor was 5 in. thick, and the depth of the beams brfow the underside of the 
floor was 14 hi. - . 

The load was 280 Ib. per square foot. The water was applied for five minutes 
from two branches. 

Mote.—The time allowed for drying was thirty-four days (summer). The 
centering was struck after twenty days. 
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Summary of Effect. 

At the dexpiration of ten minutes the floor began to deflect, and continued to do 
so until the^d of the test, when a maximum deflection of 4^ in. was registered. 

On the application of water the concrete to the soffit of the beams, where 
struck by the jet, was knocked off, exposing the reinforcement, or wirework, under 
the beams. • 

The soffll of the floor was also eroded whe-re struck by the jet, exposing the 
reinforcement. 

On the load being remdVed the upper surface of the floor showed various 
cracks. 

The permanent set of the floor over the beams was about ^ in., and the 
permanent set of the bays between the beams was aboirt 2^ in. 

Neither fire, smoke, nor water passed through the floor. 

Classification “ Full Protection ” (Class B) was obtained. 

As an auxiliary test the floor was allowed to cihjI and the load remowd. It was 
then reloaded, on the centre bay only, with a lofid of 5 cwt. pc*r square foot, this bay 
being strutted. The deflections record^ were as follows :— 

Beam. Centre of Slab. Beam. 

Permanent set, July 31st, no load. o'6 . 2’4 ... o'4 

Ixiad of 5 cwt. per sq. ft., .August 15th ...« I’q . 4’i ' i '7 

Deflection due to additional load. i'3 . 17 ... i‘3 

The above readings were takeji by a dunipy level. It will therefore be .wen that the 
deflections of the slab itself, carrying a load of 5 cwt. j>er square foot, and aftiT being 
subjected to the previous severe fire and load test, was only 17 minus i’3=o’4 inches. 
This test, which we believe to be unique in this country, should prove interesting to 
those who are concerned with the safety of reinforced concrete buildings after having 
been subjected to a severe fire. 

Similar tec^ts to the, above have also been made undw the suptrvision of the officials 
of the Bureau of Buildings of New York City. In this case the end.s of the beams were 
framed as they would actually be in a building of .American design. The result of these 
tesjs showed less deflection than those recorded above. The makers strongly recom¬ 
mend, and apparently with some justification, the stiffening of the ends of all beams, 
and it would appear that English architects might follow out this practice to advantage. 

The accompanying illustrations show this mesh as it was actually installed in a 
building in Rangoon, Burmah, and in the Hongkong Hotel, China. The latter shows 
the work being performed by coolie labour. 


EDITORIAL MEMOS. 

CONTRIBUTIONS^—OrlRbial eontribaiiona and 
aiurtntioBS are apeoially invited from engineen, 
aroUtaota. mtveyon. ebamitts. and othen engaged 
iamatiaalorreieaNhwork. MSS. should be written 
on one side of the paper only, giving fnll name and 
addraas ef the author. 

The eopyright of any matter accepted for pub- 
liodtion ii vested soldy in the proprietors of the 
loognal tobcused in any form they think fit, imless 
than be a Spe^ arrangement. 

MSS. and drawings or photographs are seat in at 
^ jgiitfiKNC'STisk. Bvery effort will, however, be 
ptadi fo nstuM nnsaitgble eOmmn&iouiona. 


PUBUSHER’S NOTICES. 

DATES OF 1SSUE.-This loumal is issued 
Monthly. For Advertisement Rates apply to Fub- 
tisber. Matter for displayed advertisements required 
by Igtb of month prior to subsequent issue, for 
Wants column by 18th. 


SUBSCIUPTION RATES (Prepaid.-Post free). 
Great Britain, the Coloniae, and til Foreign 
eonntries. 12/6 per anaues. 

Tha Triennial Subscription is 38/- (three yean). 
Address ramittanees to Oanerete Publications,Ltd. 


u wanaiaii i^flesat Triaaraphie Addraasi **Coneratins London.” 

WasE> BriflsE B n a dl n g.^ Talophono N 0.1 6877*Garrwd. 

‘VvVlNMOO PlMUg llABttOllg 9aWa 

Aaimira.'s'For AnsMlim: Jiassts. Gordon and Goteh. For South Africa: The Central News Agency, Ltd. 

. For Canada: Tha Tmonto Mews Company and the Montreal Newt (!k»ipany. 














A MODEL FARMSTEAD, 


POPULAR USES. 


Under this heading it Is proposed from lime to time to present partiatUrs of the more 
popular uses to which concrete and reinforced concrete can be put, as, for Instance, in the 
construction of houses, cattles and farm buildings,—ED. 


A MODEL. FARMSTEAD AT BONSAUVEUR CONVENT. DUNGARVAN. 

* IRELAND. 

• ]n the present article \vc present some interesting particulars and illustrations of some 
new farm buildings of Wingot Concrete blocks erected for the iJonsauveur Convent at 
Carriglea, Dungarvan, Ireland. 

Some of the buildings shown here are of one storey and are built with Q-in. hollow 
tcncrete blocks, whereas the two-slorey buildings, comprising stables, coach-house, 
laundry and steward’s house, have the walls of the ground floor storey built on the 
cavity system with a 4^-in. outer leaf and 9-in. solid inner leaf, bonded together with 



Fig. 1 . Front Elevation, Main Building. 

Moiikl Farmstkad. Bonsauveur Convent. Dcnoarvan, Ireland. 


galvanized wall ties, the upp^ storey being built with 9-in. hollow concrete blocks. 
Breeze concrete slabs 2 in. thick form the internal partition wdls and prove very 
effective, being light yet solid and occupy v^y little s^oe. The aggregate for blocks 
was pit gravel passed through a |-in. screen, mixed in the proportion of five of gravel 
to orid of Portland cement. About 16,000 blocks were used in the erePtion of this 
model farmstead, 

Our first illusti^tion shows the front elevation to the .main bttUefing with the 
principal entrance under the archway. This building contains the steward’s house, 
coach-house, stables, and laundry, and measures 150 ft. by 30 ft. and a6 ft. to eaves. 

Fig. 4 gives an excellent view of the fold-yard, showing the implement sheds, coW-house, 
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Fifi. 3. iDte^r of Fold-Yard. 

MoDBL Fa*II 8T£AD, BOKRAOVKtJK COl^VEMT. DUNOAKVAil, IrBLADD. 






Fig. 4. View of Fold-Yard, showing Implement Shed, etc. 
Mosel F.^rmstead. Boksauvecr Convert, Dungarvan, Ireland. 
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piggeries, and back en¬ 
trance. There is also 
an infirmary for sick 
cattle, which, with the 
piggeries, measures 150 
ft. by 18 ft. 

Fig. 2 shows the 
back of the main 
building. 

The laundry to 
which reference has 
been made comprise.s, 
in tiddition to the laun¬ 
dry jjrojHT, St drying 
.room, an ironing-room, 
and a mangfing-riKim. 

The illustration 
Fig. 3 shows the in¬ 
terior of the fold-yard, 
with the h.'iy-.shecls and 
lofts above same. 

.Special attention is 
called to the fact that 
most of the external 
walls of the.st' buildings 
are built on the continu¬ 
ous cavity system, of 
which mention has been 
made e.'irlier _in the ar¬ 
ticle. This system en¬ 
sures a perfectly dry 
building, no matter 
what atmospheric .con¬ 
ditions prevail, and 
furthcT it is claimed 
that it is a most effec¬ 
tive insulation against 
chang<‘s of temperature 
inside the building, in¬ 
asmuch as it prevents 
condensation on the in- 
.side of the walls and an 
increase of temperature 
in hot w'eather or a 
lowering of the tempera¬ 
ture in cold weather. 
These points may be 
considered of import¬ 
ance, and they apply 
equally to the cold, raw 
climates of the north 
and to the tropical 
countries. 

The oetitire blocks 
and slabs were mai^ on 
“ Winget ” n^clunes, 
and the contraettH’s were 
Messrs. John Heame 
and Son, of Waterford. 
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MemorantU and Nevis Hems are presented under this heading, viith occasional editorial 
comment. Authentic nevus viill be vieliome. — £D. 


The Society oi Engineers (incorporated).— \t a meeting of the Society ot 
Engineers (Incorporated) held on December 2nd, Mr. Percy J. Waldram, F.S.I., 
read a paper on “ Test Deflections in Reinforced Concrete,” a subject which, 
he stated, was one requiring the closer attention of engineers before a standard of 
deflection was fixed by the j}roii>osed L.C.C. regulations; a standard which giight or 
might not be correct or even safe. * 

The stiffness of a beam was no criterion of its strength unless due regard were 
paid to the factors of depth and fibre stiffn«iss.‘ The small deflections of reinforced 
concrete beams were sometimes quoted as evidence* of the strength of the material, but 
it was seldom noted that the deflections were small because the greatest loads placed on 
reinforced concrete were very much less than those commonly used upon wood or sRh*!. 
Reinforced concrete was a much weaker material than steel or ordinary fir, for Ix-ams 
of equal size. 

The draft regulations for reinforced concrete, compiled and approved by the 
London County Council, were submitted to the principal architectural and engineering 
institutions for criticism, and publishf*d in the Minutes of the Council. The author had 
been^ consulted in a case where the parties had agret'd to work to the regulations as 
published, when the opportunitv of applying them to the problem of a somewhat 
difficult design gave disquieting results. For instance, the clauses determining the 
strength of columns were quite unworkable, and those relating to deflection proved 
positively dangerous, as was shown by examples. 

A standard of deflection suggested by the author was referred to, but he [lointed 
out that the effect of end fixing was not yet fully determined, and that it was impos¬ 
sible to legislate on an uncertain basis. The minute range of the deflections made it 
all the more necessary to use the greatest care in fixing a standard. 

Reference was then made to the calculations necessary to determine the strength 
of reinforced concrete beams, and a number of fwmultE were given, with explanatory 
notes. The application of these to well-known tests was shown by a series of eight 
diagrams, and particular attention was directed to one in which the conditions were 
such as were generally supposed to make the calculations almost impossible, on 
account of their intricacy. The author, however, showed a method which he considered 
would very much facilitate the problem. 

Reinforced Concrete for Hypoebiorite Solution Tanks.— In a recent aiumber 
of the Concrete Age a short article has appeared by Dr. Walter M. Cross, U.S.A., on 
the above subject. An experimental installation of the %pochlorite process for the 
approximate sterilization of the entire municipal water .supply of Kansas City, Mo., 
proved so very successful in every way thJt the Fire and Water Board of Kansas 
decided to ereei a permanent building and apparatus for the purification process of the 
water supply. 

A buitdinjg was constructed for storing, handling, and making the solution 

of ^bomlndte formisiitg with the sedimented water. The apparatus for the handling 
of ^ hypochlorite and Sie supjpmrts for it are of reinforced concrete. It was’found 

hh material was so well suited for the purpose. 

The ba^meht of the building ts used for storage, the main floor houses the dilution 
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tanks and feeding devices, while the floor above is occupied mainly by the tank for the 
hypochlorite, in which it is reduced to a paste of creamy consistency before being 
delivered to the dilution tanks below. This concrete tank is 3 ft. in diameter and 4 ft. 
high, and is provided with a strong device carrying two heavy rollers placed horizcaitally 
at its lower end. 

There are pipes leading from this tank to the dilution tanks below. TTiese dilution 
tanks are hexagonal in form and 31% 9 ft. in maximum diameter and 7 ft. high. The 
dilution tanks rest on supports high enough to permit of the use of a gravity feed to 
the orifice box, which is on the floor of the room housing the big tanks. The writer 
concludes by saying that reinforced concrete is now Everywhere employed in the United 
Stales in the construction of all permanent apparatus where hypochk>rite is emploved 
for mixing with the water^to be purified. 

Concrete versus Wooden Poles .— According to the Electrical World, the Carnegie 
Steel Co. recently conducted tests on reinforced concrete poles at its South Sharon 
(Pa.) plant, for the purpose of determining the relative cost gnd strength of concrete 
as compared with wood. The p<dcs tested were 32 ft. long, 10 in. square at the butt 
and b in. square at the top. The corners were bevelled and iron steps bent up f in. 
were inserted in the forms before the concrete was poured. The mixture employed 
consisted of i part of cement, 2 parts of sand passing a i-in. screen, and 4 
parts of crushed limestone pitssing a |-in. screen but retained on a i-in. screen. 
Each pole required about a barrel of cement, yard of sand, and i yard of stonp. 
The reinforcement comprised four groups of twisted rods at the corners, placed 
not less than I in. from the surface. Each group was made up of one -J-in. rod 32 ft, 
long, two ^-in. rods 24ft. long, and two A-in. rods 16 ft. long. The reinforcement was 
thus proportioned to the decreasing stress toward the top of the pole. Sheet-S'teel 
separators held the reinforceinent in place and were cut away to avoid breaking the 
continuity of the concrete above and below the separator. The forms used consisted of 
an upjK'r and a hnver section held together by bolts, the lower being a single piece, 
while the upper was made up of a series of units beneath which the concrete w’as 
forced. Each pole weighed about 2,500 lb., or approximately five times as much as a 
wooden pole of the same length. 'I'he tests were conducted with two concrete poles and 
a 32 ft. chestnut i>ole under the same conditions. It was found tluit the wo^en jjole 
showed practically the same deflection as the poles of concrete up to 2,000 lb,, the load 
being apjdk'd at right angles to the pole and at the top. The deformation at 2,000 lb. 
amounted to 25^ in., this loading being far greater than could ever be experienced with 
the iM)les in actual use. For deflections of less than 15 in, the concrete pole showed no 
permanent .set. A test to destruction was carried out on one of the poles, and failure 
resulted at the point where the 24 ft. reinforcement rods ended, the conende being 
crushed for tibout 3 ft. above and below the break. The results obtained show'ed that 
the cost of manufacture of such pedes should be from 30s. to £2, as against i6s. to 

the price of a wooden pole. ThiC cost of wooden poles is thus from one-half to 
two-thirds that of the concrete poles, and their life ranges from a minimum of ten 
years to a maximum of twenty years, whereas the life of a concrete pole is considered 
m be practically unlimited. Moreover, the concrete poles require no painting. 

New Stores ut The Camber .— Some’new stores are to be erected for the Ports¬ 
mouth Camber and Docks Committee, and the buildings are to be of reinforced 
concrete, 'fhe contract for the work was put out to tender, and the tender of Messrs. 
Mcl-aughlin Co., which was the lowest, was accepted, 

PorNand Cement for Rooting.—k cheap and durable fire-resisting roofing is 
made in France with asbesms and Portland cement, in the proportion of one-fifth of 
asbestos fibre, one-fifth asbestos powder, and three-fifths Portland cement. The 
mortar, which must be carefully mixed, is pressed with the trowel into wooden moulds 
about 2 ft. square and one-fifth of an inch thick. These slabs, when perfectly set, are 
used in the same way as slate.? and nailed to the woodwork of the roof.# This kind of 
roofing, which is very light and durable, is said to be very .suitable for sheds and outer 
buildings.-- 5 a«tfo^ Record. 

Reinforced Concrete Pillar Boxes.— It is reported that the cast-iron pillar-boxes 
in New Zealand are to be replaced by some made of reinforced ccmcrete, as tests have 
shown that these boxes are stronger and lighter than the iron ones and cost ocMi- 
siderably less. 
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How to Pmteh a Concrete Floor. — When a cement flcwr surface begins to 
wear, it is often desirable to patch it. Mr. I.«>nard C. Wason, president of the 

Aberthaw Con¬ 



struction Co., 
Boston, in a recent 
pa|>er states the 
right way and the 
wrong way. 

The Wrong 

u Way. — (,'ommonly 

S a sand and cement 

I mortar is made, 

Q some rutting is 

done, and the mor- 
I tar is put in and 

scrubbed with a 
steel trowel until 
u smooth. It is then 

g covertnl up for a 

j while. If the, con- 

i Crete uncjf'r t h e 

S patch is left dry it 

g Miaks up the water 

5 of the mortar. As 

< a result, the mortar 

a does not set. If 

5 the room is dry or 

“ hot, the surface of 

g the patch dries out 

g for the sam<' reason 

S it docs not set. If 

I the concrete under 

5 the patch is dustv, 

S the patch does not 

z adhere to the 

s concrete. If the 

o materials in the 

g mortar are not suit- 

j able, naturally the 

g patch wears badiv. 

^ IKirticularly as it is 

w obviously located at 

S a point of sevtTc 

8 wear. 

< The Right 

g Way. — Cut dow’n 

h* the worn place at 

least in. This 
cutting shpuld be 
carried into t h e 
strong unbroken 
concrete and the 
edges should be 


The bottoin ^ the cut should then be swept out, clean-blown out with compressed air 
w a pair of bellows, if available, then thoroughly wetted and scrubbed with a broom, 
lu thts wapr small loose particles of broken material which the chisel dias driven into the 
Bto A grout made of pure cement and water about the consistency of 

put ^^am .smuld be scrubbed into the pores with a broom or brush, both at the 
bottotti pifW sides of the cut. Following this a stiffer grout, about the consistency of 
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soft putty, should be thoroughly compressed and worked into the surface which has 
already been spread with grout. Finally, before the grout is set a mortar made of one 
part cement to one part crushed stone or gravel, consisting of graded sizes from ^ in. 
down to the smallest, excluding dust, should be thoroughly mixed and put in place, 
then floated to a proper surface. Cover with wet bagging, wot sand, sawdust, or other 




The AssoctATBo Poxii.ani> Cement Mamupacturkrs' Stand, AoEicuLtuxAi. 
■ Society s Show. Dohcastbr. 


trucking should be kept off and the surface kept thoroughly 
wet for at le^ one week or ten days. 

particularly hard surface is required, a few naUs are sometimes mixed with the 
niwtar and other nails stuck into the surface when the. patch is finished. * This will 
produce a surface which is extremely hard and durable. 


' • 
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TRADE NOTICES. 

Portlaad Cement at the AgrtcuUnrai Society’s Show, Doncaster ,—Visitors to 
the Royal Agricultural Society’s Show at Doncastw had the possibilities of the use 
of concrete on the estate and farm placed before them in a very striking manner at 
the stand of the Associated Portland Cement Manufacturers (1900), Ltd. Following 
cut the educational policy which this company inaugurated at the previous year’s Show 
at Norwich, they had a very large stand at which were displayed (for exhibition only 
and not for sale) all kinds of articles required for use on estates and farms. The rapid 
increase in the uses to which this material is being put was well illustrated by the fact 
that it was found necessary to have a stand exactly^ouble the size of that at Norwich. 



Vhe Associated Portland Cement Manufacturers' Stand, Agricultural 
SuciBiy's Show, Doncaster. 


There were displayed numerous reinforced concrete articles, such as rectangular 
and circular cattle troughs, hog troughs, chicken troughs, roofing tiles, flooring tiles, 
fence posts, and gate posts, and the moulds in which they were made. Many of these 
were of a similar character to those previously exhibited, except that parts were left 
unfinish’fd so as to leave some of the ironwork exposed, thus showing the method of 
reinforcement and adding much to the interest of the exhibit. 

The stand was surrounded on all four sides with various types of concrete fencing, 
and at the front of the stand, immediately behind a pair of field gate.s hung upon 
large concrete posts, was a large concrete facia, on one side of which was the company’s 
name in raised letters, and on the oftier panels illustrating different types of surface 
finish. Looking at this, one could quite realise that concrete name plates and street 
signs might be used to great advantage, as they are practically indestructible and, above 
all, cost nothing for maintenance. 

There were panels of ‘‘ scrubbed concrete ” on the other sides of the stand. The 
method for obtaining these results is very simple. As soon as the concrete is set (usually 
after about twenty-four hours) the side of the form is removed, exposing the surface 
of the concrete, which is then scrubbed with an ordinary scrubbing-brush to take off 
the film^f cement and expose the aggregate. The use of various kinds of aggregate 
renders it possible to obtainaa large variety of pleasing finishes in this way. 

A section of a concrete cow stall w.as shown which created i»?nsfderable interest, 
and no one concerned with the welfare of cattle could fail to be struck by the admirable 
hygienic and sanitary properties of such construction. • 

A lean-to roof partly covered with the concrete and asbestos *'* Poilite ” tiles 
manufactured by Messrs. Bells Asbestos Co. and partly with ordinary slates indicated 
a saving of nearly* 75 per cent, of weight by using “ Poilite ” roofing; the weights 
given being “ Poilite ” 21 lb., and Welsh slates 80 lb. per yard super. 

The Associated Portland Cement Company distributed at the stand a consklerably 
enlarged and improved edition of their valuable pamphlet, entitled " Concrete on tro 
Estate and .Farm,” copies of which; we understand, they wiU be pleased to ^eqd to'^ 
anyone interested upon receipt of request qddrisssed to Portland House, Lloyds Avenu% 
E.C. 79. 
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worlc has commenced for the new loading pier which the^CiSot^atkm oi Southlnd-on- 
Sea has decided to erect under the superintendence of Mr. Ernest J. Elford, M.I.C.E., 
the Borough Engineer. The total length of the pier will be 600 ft., and it has been 
designed for a working load of 5 cwt. f)er sq. ft. The whole of the work will be 
executed on the “ Piketty ” sy.stem of reinforced concrete. Mr. T. W. Pedrette, 
Enfield, N., is the contractor. The contract is for 1,000. The Borough Engineer 
selected and recommended the adoption of tho “ Piketty ” system after receiving 
designs in open competition from other firms of j-einforced concrete .specialists. 

The Armoured Tubular Ploorlug Co., iW.—H.M. Office of Works have recently 
entrusted to the Armoured Tubular Flooring Co. certain works in connection with 
Hertford House, Manchester Square, where the valuable Wallace Collection is housed. 
The work, which has been carried out to make the building more fire-resisting, includes 
the reconstruction of the upper portion of the right wing. The old roof has been 
removed and the existing wooden floors have been taken ou* by the contractors, Messrs. 
Dove Bros., and a new fire-resisting floor has been installed on the armoured tubular 
sy.stem, also some flat roofs adjoining. The whole of the w'ork has been carried out. 
witltout any centering whatever. \Vc hope in a subsequent issue to deal with this work 
more fully. 


MISCELLANEOUS 

Rate 1—6 titles {or under), is .; each additional line, Vkl. Remit with order. 


C LERK OF WORKS.—To supervise and 
set out constructional work of a factory in India, 
einbracins concrete work, erection of heavy milling! 
machinery, engines, iron roofs and bnildintts and tu 
carry out, if necessary, any small jobs such as founda¬ 
tions for columns, eniiines, machines, shaftinit, etc , 
laying in surface drainage, concrete floors or small iron 
sheds, which were inconvenient to sublet. Job will last 
about nine months, and if he proves himself active, 
energetic and useful, might lead to a permanency or 
transfer to other similar work. 

Apply by letter to Ehward Williams, 11 Derby 
Road, Tolworth, Surrey, stating salary asked, when 
disengaged, experience and references. 


C oncrete books at great reduc- 

. TIONS.—New Books at 2 S per Oent. discount. 
Boms on Concrete, Engineering, Building Construction, 
Technical and all other subjects supplied. Sent on Ap¬ 
proval. Slate wants. Send for Lists. Books purchased.— 
a W, & O. PoYLK. 121 Charing Cross Road. London. W.C . 

E ngineer for india.— wanted in 

New Year, on a four years' agreement, a good 
man well experienced in ferro-concrete work, drainage, 
and general constructional work for a firm of contrac¬ 
tors. Able to work as required, either in olfic? or outside 
work, and make himself energetic and generally useful. 
Must promise to learn Hindustani. 

Apply by letter, slating experience, age and salary 
required to Epward Williams. II Derby Road, 
Tolworth, Surrey, who will also supply suitable appli¬ 
cants with fuller details. 


BRITISH IMPROVED CONSTRUCTION CO. 

Telephone; 40S7 Victoria. LTD. Telegrams; "Biconerete, Vic, London." 

“ B I C ’ 

47 VICTORIA STREET, WESTMINSTER, S.W. 


Manufacturers of all kinds of 

Concrete Constructional Materials 

(Plain or Reinlorce4) 

Including PIPES, PARTITION AND PAVING 
SLABS, SLEEPERS, STANDARDS & POWER 
TRANSMISSION POLES, HOLLOW BEAMS 
AND FLOORS. FENCING POSTS, etc., etc., 

1^ the ^U-laown “JAGGER” PROCESS. 

__1.1- 

r jFnje&ieef'a’ end Contractors Own Designs carried out to order 

''■‘ n'l j lj H I. n il lll lj; l l l i lilll l lillllll to lw WM l N g I I ■ . . . . . -I — l■^l■l ■■l.l I I I 

||i|irc«4,Cnn^te Flpea for High Pressaros, abac- 
r iCottcrnte wreighs 156 lbs. per cubic foot. 
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The Assouan Dam. Copyright (1911) 
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CONSTKUCm^AL ENGJNEEfilNG 

Volume VIII. No. 2 . LONDON, February, 1913 . 

EDITORI4L NOTES. 

THE ASSOUAN DAM. 

Fhk completion of the Assouan Dam—one of tlios^ great achievements 
of British thought and work which will materially benefit many thousands of 
human beings, and stand for many centuries as a landmark of British enterprise 
—was accorded somewhat less space in the public Press of this country than 
is given to a fashionable fancy dress ball, and certainly much less than to some 
notorious law case. Another feafutc regarding the reports of the completion 
of this work was that they seemed studiously to avoid giving the slightest 
tribute or praise to that splendid band dF technical workers, both skilled engineers 
and foremen, who, by forethought, energy and diligence, not only played an 
all-imporlant part in the carrj-ing out of this great scheme, but to whom must be 
attributed the highest prai.se for precision combined with smartness, under 
circumstances th.^t were frequently exceedingly trying. 

We have dealt with the Assouan Dam at considerable length in our issue 
of April, 1911, which was illustrated with the most perfect photographs avail¬ 
able, and we do not hesitate to reprint our frontispiece of that issue, aS a 
reminder of the extent and grandeur of this work. It is, therefore, unnecessary 
to recapitulate the numerous figures presented with our article as to the size 
and effective value of the undertaking. 

Only in one direction do we again wish to emphasise some view's expressed 
by us on the (X'casion of that article—viz., in respect of the submersion of the 
Temple of Philae. We would repeat that this temple is one of many ruins 
situated betw'een Cairo and Wadihalfa, and although ancient temples as a whole 
are of the greatest possible interest, the single specimen is a mere entity. 
Whether one or a dozen of the ruins disappear to-day is merely a matter of 
sentimental regret. We have all the historical records we require, and the 
practical loss would be nil, for there is no utility in the ruins, except, perhaps, 
as some flight attraction to tourist money to Upper Egypt. 

It is well indeed that this temple has not been allowed to stand in the way 
of the development of Egyfjt; to have permitted it to act as a deterftnt would 
have been as unreasonable as it woufd Ipve been inhuman. Humanity requires 
that our knowledge, skill and means be applied to the improvement mankind. 
The lot of the Egyptian is vastly improved by the. Assouan Dam. With the 
increased prosperity of Egypt, funds become available, for the,l»|l^r hygiene 
and sanitation of that country, for the reduction of eye-diseaseijil^ 
education, and for general civilisation, and it h absurd to that such 

benefits should be prevented or retarded by «rt-lovieii^:#ba, for the 

most part, know little and care less for Egypt. , 



THE ASSOUAN’ DAM. 


The great Assouan Dam is therefore not only an immense work realised, but 
a distinct victory over morbid sentimentalism in the matter of second-rate ruins, 
and shows that common-sense is wanted where hysterical hypocrisy so frequently 
and unfortunately gains its way. 

One last word. We see that the primary worker in respect of the success¬ 
ful completion of the Assouan Dam^—Mr. Murdoch Macdonald, C.M.G.—has 
now been appointed to tlve highest office available in the Egyptian Ministry of 
Public Works. We congratulate him upon this well-earned compliment; we 
also congratulate Lord Kitchener upon putting the right man in the right place. 
When some day the true history of the Assouan Dam comes to be written, 
it will easily be seen that the influence of this worker on the .spot has been of 
even greater im,portancc to the undertaking than that of others who have 
perhaps figured more conspicuously in the public Press, and it is to be regretted 
that some of our greatest works and workers are almost invariably not accorded 
that credit which is due to them in great engineering enterprises. 


AN ACTIVE CONCRETE INSTITUTE. 

We have received particulars of the infpending annual meeting of the 
German Beton-Verein which is to be held at Berlin on February i3lh and 14th, 
and we are struck by the excellence of ttieir programme. 

Apart from the usual annual report, there will be a special report on the 
Testing Commission of this l>ody, which has done such valuable research work 
in the pasl. There will be a report on the co-operalion of the Society in the 
Building Exhibition to be held at Leipzig next summer, and a similar report on 
the question of Arbitration as applicable to the concrete and reinforced concrete 
industry. Two of the leading authorities on research work in Germany are 
presenting lectures—viz., Professor Rudeloff on "Tests with Columns,” and 
Professor Gary as to the " Rusting of Metal and Brickwork.” Dr. Trauer is 
presenting a paper on a gigantic auditorium of reinforced concrete construction 
which is at present being erected at Breslau. Mr. Christian! reports on 
" Reinforced Concrete Quays,” whilst four other members arc presenting 
papers on notable buildings carried out during the past year. Besides this, 
three precis will be presented, one on " Failures in Building Construction,” a 
second on the " Effect of Earthquakes on Concrete and Reinforced Work,” and 
a third on the “ Effect of Explosions on Concrete.” 

Surely this is a remarkable and eminently interesting programme of work, 
which is of the greatest possible credit to the Society in question, and a pro¬ 
gramme of this description is not only highly instructive and beneficial to the 
members of this Institute, but raises its work to a position where it cannot fail 
to be appreciated by all concerned, and the public authorities in particular. 

Our own Concrete Institute would do well to *take a leaf out of the book 
of their allied Institute’s Berlin programme. 


; * RIUNFORCED CONCRETE FAILURES. 

, 'When, the Coiiictete lostitqte had been fairly started, some four or five years 
one firs| pidcesof work suggested as a safeguasd to the professions 

their first chairman—was the careful 
' :p( reipforced concrete failures, as affording some of the best 

precapuons to be observed and errors to be avoided. 



REINFORCED CONCRETE FAILURES. 


But there has always appeared to be some diffidence as to getting to work really 
seriously on this all-important subject, this being mainly due to that extra¬ 
ordinary fear of responsibility which prevails among professional men who 
cannot realise that a statement of fact in the public interest, properly and 
conscientiously put, can never be a libel, and partly owing to a certain fear 
among those of the members of tlie Institute who are concerned with the 
specialist firms, that some fiiilures of theirs might come under view to the 
detriment of their standing. Recently, however, a small sub-committee has 
been formed to go into the matter, but certainly up to the present we have heard 
of no case of systematic investigation, nor have we seen any programme of how 
the inquiries are to be conducted. 

England has fortunately been fairly free from seriofis accidents in rein¬ 
forced concrete work, although there have been several notable ones which do 
little credit to those primarily concerned. Fortunately, however, we have not 
come across any accidents of this kind which can be attributed directly to any¬ 
thing that might be detrimental to the interest of reinforced concrete as a 
whole, inasmuch as none of these accidents have so far shown that reinforced 
concrete, if properly designed and properly executed by competent and 
responsible people, is in any way more dangerous than any other form of 
building construction properly designed and properly executed. The failures 
have been largely due to negligence, .stupidity, or sheer scamping. 

'Fhere are two words of warning on the matter of failures which we would 
like to give. 

"J'he first is to the builder or contractor. It is to the effect that it is unwise 
to handle reinforced concrete in any form, unless to the design and specifications 
(jf experienced men, and unless carried out honestly by experienced artisan^. 
There is no form of building construction that is more dangerous when sub¬ 
jected to false economy or dishonesty than reinforced concrete construction. 

The second is addressed to the reinforced concrete specialist who combines 
dc'-igning with contracting, and that is, that the present competition to obtain 
work at entirely unsuitable prices must be disastrous to the development of the 
work they have in hand, and if they do not have immediate disasters actually 
■during the (xiurse ol construction, the manner in w^hich they .are often “ cutting 
things fine ” in design and quality of materials mu.st obviously result in 
prospective failures when the effect of their scamping becomes apparent upon 
the structures they have put up when subjected to the strain of actual usage. 

It is to the interest of all those industrially concerned to stop this 
scamping in design and poor workmanship promptly, even if they have to be 
.satisfied vTith a lesser return for their work, for if failures through bad design 
or scamping increase, reiifforced concrete—^which has been adopted with 
reluctance in this country—will suddenly J)ecome as unpopular as certain other 
forms of buildings have become, and those who wish to earn their livigg thereby 
will have to find fresh fields, instead of sensibly developing their present one. 

The professions and industries concerned must further plainly face the 
actuality of failures,* investigate the causes thereof, and publicly censure those 
who are responsible ior them, if they wish the reinforced concrete industry to- 
flourish. 
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fE^^ENSION OF WORKS 
—SIEMENS BROS. & CO., 
WOOLWICH. 










By F. SOUTHEY, A.M.In5t.CE. 


The folloihlng particulars of the extension of Messrs. Siemens's •works may not le 
•without interest to those contemplating aJdtUons or alterations to s'mllar httldlngs, — ED. 


Jn ihi: new huihlinys recently erected for Messrs. Siemens Bros. X' Co., at 
\N''(K>lwich, eoncrete and reinforced ctmcrcle h.'ive been used on a larg’e scale. 
Concrete has been used exclusively in the foundations and reinforced eoncrclc 
in the thwrs, roofs, columns, slaircitses, and lintels in the superstructure. The 
walls arc in brickwork, with piers to take the load on the floors and brick 
panellinjr and window openinj^s betwetn. This method of construction was 
a(k)pted in the case of tw'o large and one smaller building, and a short dcscrip 
tion of each, with special reference to the concrete work, may not be w’ithout 
interest. 

NEW RUBBER WORKSHOP. 

This building, containing a capacity of nearly two million cubic feet, is in 
plan tomposed of two wings or blocks, forming at their junction an angle of 
degrees. The south bU)ck is 320 ft. in length and the west bl(x:k 202 ft. 
in length, measured from the external point of intersection of outer walls. The 
uniform width betw'ceii external faces of piers is 50 ft. 9 in. There arc six 
lloois, including the basement, giving a total floor area of just over three acres. 
The height from basement floor to mean roof level is 79 ft. 

The building is supported on 153 concrete piers founded on sand. The 
piers are 5 ft. by 3 ft. b in. under walls, 5 ft. by 4 ft. under columns, and 
5 ft. by 5 ft. at corners. They varied in depth from 7 ft. to 14 ft. 9 in. below 
basement flijor level, w'hich is itself 7 ft. 6 in. below general ground 
level. llic base of each pier was extended on all sides by under¬ 
cutting in order that the distributed load on the sand should not exceed three 
tons per square foot. 3,000 cub. yds. of concrete w^ere placed in piers and 
trenches, *the concrete (as is the case with the other buildings) being com¬ 
posed of I part of Portland foment to 6 parts of Thames ballast with a suitable 
proportion of “ plums.” Gravity concrete mixers were used for the bulk of the 

foundation work. • 

A single row of 28 columns along the major axis of the soutlf block and 
12 in the west block divides the width into two equal spans of 22 ft. g in. These 
columns carry transverse beams, there being no secondary beams excepting in 
one end bay of longer span. 

The columns on each floor are uniform in size; they are 21 in. by a 1 in. 
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Workshop, showinn First Floor Construction. 
Siemens Bros.' Works, WoolwicM. 
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under ground floor, iS in. by i8 in. under firist floor, iind i6 in., 15 in., 12 in. 
and 10 in. square under second, third, fourth, and roof respectively. They are 
chamfered at the corners. 

The south block columns carrying the ground floor are reinforced with eight 
rib bars, four §-in. set at each angle, and four intermediate of |-in. section, while 
those in the west block are equal in number but of larger sectional area, being 
respectively four i-in. and four J-in., the heavier bars being placed at the corners 
in every case. This increase in the case of the west block as compared with the 
south on account of the extra load carried continues upwards. Columns under first 
and second floors have also eight vertical rib bars, but those undej third, fourth 



New Rubber Workshop, Third Floor. 

Extension or Messrs. Siemens Bros.' Works, Woolwich. 

and roof have only four. The sectional area of steel, as well as the size of column, 
diminishes as the point loads decrease, and the columns under fftof con¬ 
tain four J-in. rib bars only. All columns are bound vaith A-in. mild steel wire ties 
up to third floor level at ta-in. centres, under fourth floor at lo-in. centres, and 
the roof columns at 9-in. centres. TheiS; binders are threefold, square over all, 
and bracing*opppsite intermediate verticals. The beams are generally 20 in. by 
lo in., mcasurtf^ by JO in. below the 6-in. slab. They are rein- 

fc^id witjh i|-in. trusisi^ rib bars of varying size to conlplete the required 
i'^tional area;, which iwe cranked up for shear and carried over columns fot* con- 
Oh all tte flbors and roof 4|-in. by if-in. R.S.Js. are cast in the 
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bcatnsj the bottom flange projecting i in. below the s&ffit for shaft and machinery 
fixing; these are tied in by means of hairpin stirrups passed through holes in 
the upper part of the web. 

The slabs arc uniformly 6 in, thick and reinforced with rib bars of varying 
size, sp.'iced from 8 in. to 12 in. between centres, the bars of each .slab being 
cranked up over the beams for shear and continuity, while end slabs have 
inverted trussed bars placed on 18-in. centres in the top to assist compression. 
1 he roof slab has an over-sail forming a cornice reinforced with g-in. rib bars, 
spaced 2 ft. apart, and the whole surface is covered with ruberoid. 

The following gives the calculated supcrioads on the respective floors in 
the west bUx'k, where the maximum loading occurs (Jround and second floors. 
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V. W»>*» 


New Offices and Store, showing Fldor in Course of Construetion. 
Extension of Messrs. Siemens Bros.’ Works, Woolwich. 


3 cwt. per sq, ft.; first floor, cw't.; third floor 2 cwt.; and fourth floor i cwt. 
per sq. ft. 

The two internal .staircases are in reinforced concrete with landings and 
risers caiyied on mtiin and stringer beams reinforced w'ith trussed bars. 

The concrete in the reinforced work was gauged i part of Portland cement, 

2 parts of clean sand, and 4 parts of Thames ballast crushed to pass a J-in. 
mesh. For the mixing of this two coticrete mixers of the Swiss type were 
used. About 3,500 cub. yds. of concrete and 230 tons of Steel reinforcement 
were used in the superstructure. 

On the roof Jire placed two gearliouscs in connection with the working pf 
the lifts. In each block an external iron staircase is provided for exit in cases- 

of emergency. 
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NEW OFFICES AND STORE. 

This is a building' of five storeys, 90 ft. in length by 40 ft. in widih, with 
an annexe and lean-to roof 25 ft. wide running the whole length of the west 
side. 

The main building is supported on 18 concrete piers founded on sand. 
These piers varied in depth from 22 ft. 6 in. to 28 ft. below ground level. The 
central row of six piers (each 5 ft. by 3 ft.) supports columns that divide the 
internal width of 36 ft. 6 in. into two unequal bays of 22 ft. and 
14 ft. 6 in. respectively. The piers under the east wall (on which 
side is the longer span) are 5 ft. 3 in. by 3 ft. 6 in., and those under the 
west wall 4 ft. 6 in. by 3 ft. The corner piers were made square to the larger 
dimension in all cases. The trench concrete is reinforced with steel girders, 
and these act as beams for supporting the walls. 

The reinforced concrete columns are square, with chamfered angles, mea- 
.suring 16 in. by 16 in. on ground flwr and 14 in., 12 in., 10 in. and 9 in. 
respectively on first, second, third, and fourth-floor. They are reinforced with 
rib bars, there being eight |-in. rib bars in the ground and first floor*columns, 
four i-in. rib bars in those on second floor, four |-in. at third floor level, and 
four ^-in. supporting roof. All are bound with A-ln. wire at 12-in. centres, and in 
the case of those at ground and first fl<x)r levels are cross bound in addition. 
Spanning these columns a continuous beam reinforced with Kahn and rib bars 
(the latter bent over supports for continuity) and 24 in. deep by g in. wide runs 
the full length of the building, and this, apart from the staircase and lintels, is 
the only beam on each floor, the span to walls on cither side being flat on soffit, 
constructed in the Kahn tile sy.stcm. These hollow tiles are uniformly 
12. in. by 12 in. on plan, and vary in height according to the depth of floor as 
called for by the requirements of load and span. They are placed in rows across 
the span, a 4-in. interval separating each row, the tiles being stopped some 
distance from the beam, so (hat the table of the lx;am may be formed in solid 
concrete for T action. The concrete is then cast in the troughs between the 
rows of tiles (embedding the reinforcement) and is floated over the tiles to the 
required depth, thus constituting a monolithic series of small continuous T 
beams. The tiles in this system are not called on to do work, but merely to 
occupy space and give a flat soffit. These spans are, as mentioned iibove, 
14 ft. 6 in. and 22 ft., but it is interesting to know that spans of 30 ft. to 40 ft. 
are possible in this method. In the case of the 22-ft. span, the 12 in. depth of 
floor is made up with 10 in. tiling and 2 in. of concrete, while for the rqof 8- in. 
depth of tiling with i in. concrete float sufficed, the reinforcement consisting 
of f-in. bars on i6-in. centres, thus giving the concrete joist between tiles a 
width of 4 in. • 

The staircase is carried by 14-in. (Ranked stringer beams 6 in. wide, rein¬ 
forced witlyib bars in the bottom. 

ji;;; All the walls, coltiinns and ceilings in the main building are plastered with 
ifiirapite,, 

The concrete was composed of \ part by volume of Portland cement, 4 
parts of washed rlyer ballast crushed to pass a f-in. mesh, and 2 parts of sand. 
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new telephone workshop. 

This is a building of six floors with a mean length of 325 ft., width of 45 ft., 
and height from basement floor to underside of roof 78 ft. There is a large 















































































ly coiistfuctional features similar to that of the 
briejf r^ereate to th^ leading points of difference 
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The foundation piers are pUiced at i8-fl. 6-in. centres, and a series of 
continuous reinforced concrete foundation beams afford direct support to the 
brick wall piers, which are spaced 9 ft. 3 in. between centres. The columns 
under ground, first and second floors are all wound with hclicoidal reinforce¬ 
ment. This was supplied to required diameter ready coiled, and was fixed and 
wired in place according to pitch. 

A single continuous longitudinal beam on every floor and roof extends the 
whole length from column to column, intersected by secondary transverse beams, 
each of which has a bearing at one end on the wall pier. 

A parapet wall with a concrete coping serves both tis a suitable finish to the 
^south side fronting the street and a means of affixing the title of the firm in 
skeleton letters. • 

It may here be staled, in conclusion, that Ntr. W. Dicselhorst-, the works 
general manager of Messrs. Siemens Bros. & Co., was responsible for the general 
design of the whole scheme, the architects being Messrs. Herbert and Holland, 
on the staff of the siimc firm. Messrs. Holland & Hannon were contract .>rs for the 
two largeljuilings, and Messrs. Mow'lem & Co. the contractors for the. .smaller 
building—viz., the new offices and store. The Trusteed Concrete Steel Co. were 
the specialists for the reinforced concrete work, and supplied all the steel 
reinforcement. 


B. J. $TEAJ>. 
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STOPPING PLANES IN 
REINFORCED 
CONCRETE. 


By EDWARD J. STEAD, As«oc.M.In«i.C.E. 

TTie qaesHon tfStoppinc PUnes in reinforced concrete is one that still calls for much 
attention and study, and the following article on the subfect may therefore prove of interest 
to our readers, - ED. ______________ 

It appears to the writer from considerable experience of reinforced concrete 
construction that insufficient consideration is as a rule given to the determination 
of positions of stopping planes in this class of work. 

Beams and Slabs. —In concreting beam and slab works it is*a common 
practice to fill up the beam forms to the level of the underside of the slab, then 
at a later stage of the work to follow dver with the'slab concreting separately. 
During the interval the surface of exposed concrete receives more or less injury 
from dirt, etc., and it has frequently been noticed that the shear reinforcement 
gets flattened down and knocked out of shape. These circumstances result in 
a plane of weakness as regards horizontal shearing on the line o —b in Fig. i. 
It has further been observed that the stopping planes in the slab concreting are 
often made vertically over the longitudinal centre lines of beams, as at c —d in 
Fig. I. 

In this type of design the beams are in general calculated as T-beams, and, 
notwithstanding the fact that many successful constructions have been carried 
out in the method indicated, it is' submitted that it is undesirable to make 
temporary joints in the positions shown. No matter how carefully the surfaces 
are cleaned and roughened the homogeneity so greatly desired cannot be 
secured. 


To obtain the full value of the area of concrete in compression— i.e., that 
portion of the beam proper which lies above the neutral axis, together with 
the width of the’slab acting with it—stopping planes should be excluded so far 
as practicable from that area. Unless the vertical reinforcements in the beams 
maintain their intended shapes and positions, are rigidly attached to the tensile 
reinforcement, and well concreted into the compression area, the resulting- 
construction approaches that, of a rectangular beam of depth a—e with the 


slab resting upon it, and the strength will be* considerably less than the 
desig^r intended. ^ 

apunatter of practical construeftion, stopping planes must occur sbme- 
H ^ epnerete, and it is suggested that in the case of beams in one 

beams—the better practice is to cast the beam 
shown in Fig. a, in which tlie dotted lines f—g 
p^jrallel with the beams and at the centres of the 
<sah be no serious objection to the joint through 
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the slab, as it is at right angles to the direction of the main reinforcement, the 
bars of which being continuous over two or more beams ensure full tensile 




strength being available. A temporary face bqard would be necessary to ke^ 
a vertical face of concrete to join up against on resuming. The upper part of 
c 
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the slab being in compression the action under loading will be simply pressure 
on the two concrete faces, and the shearing stress at the joint will be nil. 

In constructing larger floors where there are both main and secondary 
beams a somewhat similar method is desirable. For the purpose of illustration 
a floor has been assumed as in Fig. 3, where the main beams, supported at 
intervals by columns, run the short way of the building, and between the main 
beams are the secondary beams with a slab over all. 

Here the main beams and column connections demand special notice, and 
from theoretical considerations the concreting would be most advantageously 
carried out in bays across the short way of the building, each bay comprising a 
main be:im and portions of the attached secondary beams and slabs, the joint 
lines being along thei-centre lines of slabs and parallel to the main beams, as 
shown by the broken lines a — a. Complete homogeneity would thus be 
assured to the main beams and the portions of the slab acting therewith as a 
T-beam, there would be no break in the work over or around the column heads, 
and s<j far as the secondary beams are concerned the stopping planes would be 
in the most suitable positions—viz., at the centre of the span and at right angles 
to the direction of the beam. 

Assuming, howev'er, tliat the size of, the building i.s. such that the volume of 
concrete in one bay, as indicated, is too great to be put in without a break, it 
will be necessary in order to reduce the amount of work to be done in one 
operation to make stopping planes through the main beams. The first point 
then calling for notice is the necessity for avoiding a break at the points of 
. . span 

inflexion (which are at approximately from the supports) on account of 


the shearing action at such points. A stopping plane could most advantageously 
be made at the centre of middle span— i.e., in the line b — h. 

In no case should concreting be stopped in beams or slabs where shearing 
stress is likely to be great, as at a point near the supports or under a heavy 
concentrated load. 

It is necessary to fix the whole of the reinforcement in beams before 
concreting is commenced, but in the case of slabs a common practice is to lay 
the bars down a few at a time as the concreting proceeds. The adoption of the 
stopping planes advocated above necessitates the fixing of the slab bars in 
advance of the concreting—a decided gain as regards accuracy of spacing and 
the ultimate strength of the work. 

Columns .— In general, stopping planes in columns present no difficulty, as 
they are usually concreted for the full height between floors at one operation. 
Even if this does not occur, provided the concrete is temporarily Itft with a 
horizontal surface, and kept clean and free from foieign matter, no weakness is 
incurred, as the joint will be at right angles to the pressure upon it. 

ArchejL —The stopping planes in*concreting arches may occur, according 
to the magnitude of the arch, either longitudinally or transversely. In each 
ca6e both the Upp^ and lower reinforcements should be placed and fixed 
securely; itt position ^^rior to commencing concreting. Where possible a strip 
thickness of tlMf^arch should be concreted from abutment to abutment in 

Operatipa, tjbp temporary, joint being made against a profile erected on the 
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laggings in the case of longitudinal reinforcement only, or in the case of me^ 
reinforcement by short boards set vertically between the meshes, as shown in 
Fig. 4 

In concreting sections of the arch transversely the stopping planes should 


_ JS ectcon to he co ft creO rtl- _1 
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Fig 4, 

SiOHPiNO Planes in Reinforced Concrete. 


be at rif^ht angles to tlie line of pressure, or, for all practical purposes, 
perpendicular to the curve of the arch at the point, and, where possible, it is 
preferable to concrcle a section the fall width of the bridge at one operation. 

The temporary joint in this case will be 
made against a straight shutter of such 
depth as to be a very easy fit between 
the upper and lower reinforcement, 
such shutter being slipped in from the 
ends and temporarily secured at the 
proper angle. On recommencing, the 
shutter will be drawn out, the face 
boards fixed, and concreting proceeded 
with. The formation of a slapping 
plane of this description is shown in 
Fig- S- 

By careful consideration beforehand 
the positions of .stopping planes ought 
to be determined and then worked to. Too much emphasis cannot be laid upon 
the necessity for thoroughly cleaning, roughening, and laying thick grout upon 
all stopping plane surfaces when concreting is recommenced. 
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REINFORCED CONCRETE 
WHARF AND JETTY 
AT SAINT-LOUIS, 

s6n6gal. 


The folUmtng interesting srttde hss been comvtled for us iv Mr. G. C, Workmen, end 
ts besed on en erticle tohich eppeered in the French Journal, ‘' Genie Civil, "by Mr. Alfred 
Jacobson, Civil Engineer (France).—ED. 


The important works tk'scribed in this article, which have recently been completed, 
are of special interest on account of the fact that they were executed entirely by, native 
African labour, under the supervision of a few French engineers. 

The work comprises an extensive wharf on one side of the river S^ndgal, and a 
quay or wharf continued as a jettv on the other side of the same river. The total 
length of these wharves, quays and jetties,,, altogether about 1,200 ni., was entirely 
constructed in reinforced concrete on the Coignet System. 3'he work was put in 
competition in December, 1910, among French contractors specialising in reinforced 
concrete. After careful consideration of the various schemes put forward, Mr. Morlaud- 
Ponty, Governor-General of the French West Coast of Africa, decided to entrust the 
execution of the work to Mr*. Edmond Coignet, of Paris. 

The contracts concerning the construction of the wharf and of the quay and jetty 
were respectively sighed on April 22nd and December ist, iqii. 

As this work was to be executed by natives and in a distant country, Mr. Coignet 
thought it advisable to carry out the work in collaboration with Mr. G. Touzet, con¬ 
tractor at Dakar, the latter being already thoroughly acquainted with local conditions. 

The wharf, which has been constructed for the accommodation of steamers, 
measures 242 m. in length, and has a total surface of about 3,000 sq. m.; 2,500 sq. m. 
of this total surface is constituted by a deck in reinforced concrete, and the remaining 
500 sq. m. is constituted by a filling of earth at the back of a certain portion of the 
wharf. The work has been calculated to support a superload of 2,000 kilogs. per sq. m. 
The total length of the wharf is divided up into two different sections:— 

ist. An upstream section of 110 m. in length, with a width of 13 m., in which the 
deck is supported, on three rows of piles and upon a wall in masonry work already 
existing. 

2nd. A downstream portion of 132 m. in length and 8'4o m. in width, in which the 
deck |s supported by three longitudinal rem's of piles. In this case the extra width of 
the wharf is made up by an embankment of earth retained by means of sheet piles, as 
shown in Figs. 2 and 3. ' e 

'Rie reinforced conorete piles, of which thtre are 147, are spaced longitudinally 


every $ m. and tranwersely every 4*11 m? centres in the upstream portion; and every 
',4 m,: in th^dpwr^ream portion of the wharf. The piles of the middle row have a 
liidatltietik of 0*38 m. ahd those.in the two lateral rows have a diameter of 0*33 m. These 
idles stratum situated at a depth varyii^ between - la’so m. 

B m., tj^'fei^ ofj tl^ dfeck being at a level of+r8 o m. The height of the various 

w 14 m. and 16 ni. 

is .composed of a .sl^b o'lo m. in thickness, supported 






REINFORCED CONCRETE WHARF AND JETTY. 


by longitudinal beams having a span of 5 nu and scantlings of 0*16x0*50, the latter 
being supported by the piles, or by principal beams having scantlings of 0*33x0*45. 
Gussets were provided in order to contribute to the rigidity of the work. 

Fig. 5 shows a detail of the reinforcement of the deck and of the arrangement erf 
the beams. The reinforced concrete slab of the deck was covered by means of a 
pavement made by placing by hand pieces of very hard stone into a layer of rich concrete 
lo a thickness of o*io m. 

The reinforced concrete sheet piles acting as a retaining wall had a section of 
0*12x0*33. They were fitted with tongue and groove. The sheet piles were driven 
I m. into the ground and fixed at their top into a longitudinal beam. As an extra 



Fig. 1. Plan of tb'! Town of Saint Louis. 

Reinforcbo Comcrxtb Wharf and Jetty, Saint-Louis, S6n£oal. 


measure of precaution, every ^ m. in front of the principsil beams land ties have been 
provided. These are covered in concrete and anchored at one end into the reinforced 
concrete deck and at the other into vertieal reinforced concrete plate# 1*35 m, by 
1*25 m. • 

By looking at section No. 5 it will be seen that an apron o* 10 m. in thickness has 
been provided in front of the work, and betweai the front Icmgitudina! plies. This is 
to prevent the smalT boats from going underneath the platform. 

The jetty and wharf on the other side of the river near the railway stat^ioh are, 
composed of an approach of 140 m. in length and 3*65 m, in width, jerfned on’ to the 
end, which is designed for ships to come alongside, and which njeatiuree 60 fl». in 

idi" ' ■ 
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length and io’33 m. in width. See Figs. 7 and 8. The total area of the wharf 
measures 1,300 sq. m. 

The work has been calculated for a uniformly distributed load of 3,000 kgs. per 
sq. m. 



The 147 piles included in this work have bew arranged .at distances oif 4 m. 
There are only two rows of piles in the approach and three ot four in the wider part at 
each end of the jetty. These piles have a diameter of 0*33 m., eatoept tho^ in the middle 
portion where there are more than two rows of piles, where their diameter is 0*40, ro. 
'The slab of the deck is o'lo m, in thickness, with way beams of 0*22 x 0*40 and secemdary 
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Rbinforced Concrete Wharf and Jetty, Saint-Louis, Senegal. 
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: .o’i6xo'25. The transverse beams measure o’33xo‘5o and the braces uniting 
us piles measure o'2o x o'30. 

fie steel bars and the cement used in this work were sent from France. Ixical 
‘ gravel, however, were used for the aggregate. The concrete was mixed by 
^salt water taken from the river. 

j^xccution of the work was divided into three parts :— 

the moulding of the piles, sheet piles, and anchor plates, and 'also the 
M|n of the braces for the jetty; secondly, the driving of the piles and sheet piles; 
rtntray the making in situ of the deck. 

S''' The first portion of the work mentioned above, comprising the moulding of piles, 
etc., is illustrated in Figs. 6 and 9, where natives are seen prqjaring the reinforcement 
. of the piles and ramming the concrete into the moulds. The piles were left to mature 



FiS. 6. View of Site for making Piles, and Natives making Framework for « Pile. 

Reinforced Concrete Wharf and Jetty, Saint-Louis, SiNkcAU 

on the ground in the usual manner and steel moulds were used. It was usually jxissible 
to remove these at the end of 24 hours. After about a month the piles were loaded on 
a 50-ton steel barge, and they were taken on to the site of either the wharf or the jetty 
to be driven. 

The work of driving the jiiles was carried out by mean.s of a steam pile driver of 
the Decout-I.acour type. The position of th|^ monkey was cantilevered at a distance of 
5*60 m, from the wheels supporting the pile-driver, this weight being counterbalanced 
by the boiler at the other end of the structure. The t<Kal w«ght at,,.the cantilevered 
extremity was 2 tons for the monk^ and 5 tons for the pile during the pitching of the 
latter, giving a total 5 f 7 tons to be counterbalanced by the weight of the boiler and aity 
other counterweight required. 

The peculiar arrangement of this pile-driving apparatus was neoes^tated'by the 
fact that the reinforced concrete piles already driven were being made use of to drive 
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the ones in front. The pik-driving apparatus was capable of rotating upon an axis, 
and also of a longitudinal movement along rails, so that it was possible to pick up 
the piles from a barge lying alongside, to hoist them in the air, and pitch the pile in 
the required position for driving. The total height of the driving apparatus was 
15 m. I'he total weight of the a.p[)aratus was 22 tons. As soon as a row of piles was 
driven the heads of these were connected together by means of wtKxlen bracings, and 
a temporary platform was constructed upon which the pile-driving plant was shifted, 
in order to bring it into position for the driving of the next row. 

noticeable feature was that as soi>n as the braces were connected on to the new 
row of piles, the pile-driver was shiftwl in such a way .'is to bring its entire weight on 
two rows of piles. The ajrparatus would then pick up the beams of the deck at the 
back, and, turning round again, these beams would fee placed on the top of the 
new piles which had jfist be<’n driven. The platform or deck was then completed, and 



Figs. 7 & 8. Transverse Section, left bank of river. 
Rbinforced Concrste Wharf and Jetty,.Saint-Louis, S6n£gal. 


it was then easy to roll the bogeys into position at the centre of each bay, in order to 
distribute the weight of the pile-driving apparatus once more upon three rows of piles. 

The advantage of this method of proceeding was found in the economy over a 
temporary staging, which would otherwi.se have boon required, and the diiTiculties 
which there would have been in fixing such a staging in a sufficiently rigid manner to 
enable the handling and driving of these heavy piles in reinforced concrete without 
any danger. « 


Concerning the actual pitching and driving of the piles, this was carried out in the 
usual manner, the pile being lifted by the*head. 

WHen^he piles were lifted at the head, the end resting on the ground, there was 
a tofc^ dsBection ift ^ middle equivalent to approximately the diameter of the pile— 
iP(» a I4'80‘m. length a deflection of as much as.0*33 m. w’as noticed. 

< 33 ^ jhK^eitelK, the pile regained its ca-iginal straightness without showing any 
lilfhicH is ^ example of the great flexibility of reinforced concrete. 


1^' iygJto. mameler of the middle row were driven with a 2-ton monkey 

'''ll . t ' . ' 








Fig. 9. Natives Concreting a Pile. 

Rkihforcbd Con^ktb WHtRF AND Jbtty, Saiht-Louis, S6n£oal. 


the checks of the beams to support the certtering of the slabs and the weight of the 
latter during the concreting. This method of procedure enabled the contmetors to use 
comparatively light scantlings for the woodwork of the centering. 

As shown in fi0. lo the transverse braces for the heads of the piles, which had 
already been placed in position for the proper supporting of the pile-dnvihg apparatus* 
were left in position and actually formed the centering for the transverse bcains, s© 
that the fixing together of the heads of each row of three pik^ served not bnly ^or the 
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purpose of steadying the piles to support the pile-driver, but also as a centering and 
staging for making cross-beams and supporting the deck during the construction. 

Concerning the reinforcement of the beams and slabs, this is clearly shown in 
Fig. 5, where it will be seen that the beams are composed of a group of round bars. 
These bars have their ends gradually bent up at an angle of 45° and hooked to a longi¬ 
tudinal top bar, the advantage of this method being that the ends of the bars, which are 
no longer required to counteract the gradually decreasing bending moment, are made 
use of to counteract the gradually increasing shear towards the points of support. 



FU(. 10. Geaaral View of Wharf, right bank of river, during execution. 
RainroacsD Concrktb Wharf and Jetty, Saiht-Louis, SiNf.(>AL. 


The frameworks or units of these beams were prepared beforehand by the natives 
and brought into position and simply huqg into the casings. The system here adopted 
has been fqund specially suitable where native and unskilled labour has to be employed, 
because it has the advantages that once the unit reinforoenvent is prepared separately 
and beforehand, all thi^t is necessary is to suspend it in the moulds during the concref- 
ing operation, and all the bars being bound together tightly, they cannot easily get 
out of position during the ramming of the concrete. 

The framework of the slabs of the deck was simply composed of a meshwork of 
principal and secondary bars. 

fd 
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Concerning the jetty and the wharf alongside of same, these were constructed in 
a somewhat different manner from the principal wharf already described. The jetty 
was constructed by first driving the piles in the usual manner and by fixing the 
walings constructed beforehand in the manner shown in Figs, ii and 12. This arrange¬ 
ment consisted in chipping off the concrete at the required level around the piles, and 
fixing the bars of the walings around the chipped portion in the manner shown in the 
di awing. The joint was then grouted up. In this manner it was possible to drive the 

piles to their full height 
without having to make 
the walings and uprights 
111 situ. The variations of 
temperature during the 
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day were between 30° and 
i^o® Centigrade in the sun. 
During the periods of wind 
coming from the desert the; 
tempt*rature, however, was 
much higher. It was 
necessary, of course, to 
jirotect the work against 
this considerable heat, and 
for this purpose the con¬ 
crete was coverf'd over with 
a layer of sand of i or 
2 cm., almost immediately 
after the concrete was 
placed in position. This 
sand was kept continually 
in a moist state until the 
concrete was at least 
twenty days old. This 
simple precaution w' a s 
found to be quite sufficient 
to protect the work from 
the heat -of the sun. 

Concerning the labour, 
the men employed on the 
reinforced concrete work, 
either for the preparation 
of the steel frameworks, 
the centering, the concret¬ 
ing or the handling and 
driving of the piles, were 
all natives, very few of 
whom had anv other trade 

but the loading and unloading of barg<!S oil the river. The method employed for 
carrying out the work was to form a certain number of gangs, the membeas of which 
were recruited by a few of the more intelligent natives, some of whom had a knowledge < 
of carpentry, or who were already accustomed to direct the men in the loading and, 
unloading of the barges. It was found that under the direction of these cliief gangers 
the work proceeded in a satisfactory manner, and, although in certain cases the iiative 
labourers had only recently come from the interior of tl>e country .and waiie not accus- 
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REINFORCED CONCRETE WHARF AND JETTY. 

to any special kind of w<irk, they very soon understood what was required, and 
were able to carry out their work as effectively as the others. 



Fig. 13. Preparation of Centering for Deck of Wharf, right bank. 
Rbinforceo Concrcte Wharf and Saint-Louis, SltNtcAi.. 



\ ,<; r: . Fiftl 14. WlMtrf Pgrtly Coiapkited, right bank of tiver, 

ilstitjrbftcllt) CoNcssTB Wharf akd Ibt^, SAntT-Lovis, S&hSoai., 

■1 ' k 
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Concerning the progress of the work, the 147 piles of the main wharf were driven 
between November 25th, igii, and March 25th, 1912—namely, in four months. The 
area of 2,500 sq. ni. of deck was executed between February 10th, 1912, and April 25th, 
1912—namely, in two and a half months. Seeing that the manufacture of the piles 
was begun before November, 1911, and that the exetTjtion of the final pavement on the 
deck was finished after April, 1912, it may be stated in conclusion that the main work 
of this wharf was carried out between November 25th, 1911, and April 25th, 1912— 
namely, five months, which, taking into account the difficult nature of this kind of 
work in any case, the local conditions and the native labour, shows that reinforced 
concrete is eminently suitable for structures of this kind in the colonies. 

The work of the various wharves and jetties was executed under the control of 
the Administration of Public Works in Sdnc^gal, represented by Mr. Guyot, Chief 
•Engim*er, and Mesrs. Michas and Roily, Assistant Engineers, ^nd Mr. Roum6goux, 
1 nspector. 



Fig. 13. Ccmerfitbis oa Deck o{ Wharf, left iMnkeitrivw. , 

RbINA>BCBS CONC8XTO WHAXV AMb JetTV, 
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IMPERMEABILITY TESTS 
ON CONCRETE. 


By JAMES L. DAVIS. 

Section Engineer, Board of Water Suftply, New York City. 



The following tests viere maae ty the aathor when he was in charge of the Laboratory 
of the New York Otiy Board of Water Supply, in connection with the design of the Caiskill 
Aqueduct. The results were later incorporated in a thesis submitted to the Vnboersity of 
Vermont and the present abstract takes up in order the effect upon the permeabilHy of 
concrete of the inclusion of hydrated lime, pusaolana, clay, wry fine cement and additional 
cement, and In addition gives some new figures on the variation with the pressure of leakage 
through concrete. This article is reprinted from the American Jouma’, ^'Engineering 
News," - ED, 


The use of hydrated lime as a means of rendering txjncrete structures InfjKTvious to 
water has received the attention of several investigators, whose experiments have 
generally shown favourable results from its yse. • Engineers have employed this material 
in waterproofing reservoirs and tanks and have secured watertight structures. 

The tests described below were undertaken with a view to determining the merits 
of this material and also puzzolan cement made by grinding together a mixture of blast¬ 
furnace slag and lime. Two brands of hydrated lime wwc used, a high calcium and a 
magnesian lime, each being a high-grade representative of its class, A single brand of 
puzzolan cement was used. 

The tests were based for ready comparison on plain concrete in proportions 1:3:6 
by weight. A lean mix was adopted to insure measurable leakage of the blanks. The 
increasing proportions of cementing materials used are given in the tables as fractions 
of the basal proportions of cement in order to show in an elementary manner the scheme 
adopted. The aggregates used were ordinary quartz sand and gravel supplied from 
Long Island banks for the New York market. The sand all passed a sieve with o‘2-in. 
square openings. The gravel passed the 175 in. and was retained on the o'2-in. sieve. 
The density as well as the strength and permeability of the various mixtures was 
investigated. 

The density test is becoming one of the recognised means of determining the 
properties of mortar and concrete. The density of concrete is defined as the ratio of the 
sum of the volumes of the solid particles, cement, sand and stone in the mix to the total 
volume of set concrete. It is the complement of the air and water voids. The methods 
of determining density will not be given here. (Sec “ The I.aws of Proportioning 
Concrete,” by William B. Fuller and Sanford E. Thompson, Transactions Am.Soc.C.E., 
Vol. LIX.) 

The p^meability test specimens were cylindrical, 8 in. in diameter and 6 in. in 
length. About two weeks before testing the specimens were chipped with chisel and 
hammer to remove the “ skin ” and were enclosed over the sides and one end by neat 
cement casings poiJred,around and over the specimens which were centered'in circular 
thoulds 12 in. in diameter. A pipe connection extended through the casing in line wkh 
the axis of the pylinder and terminated in a cushion of coarse, washed sand i in. in 
thickness,, cwefiiig the ^id of the specit^en. This sand cushion prevented the neat 
cement pa^ with 'whlcl|l the casings were made from coating the end of the specimen 
anti over the full end area. The ^>ecimens being coupled to 

Vert^ ohtle^ bbttom of a pfie^urc tapk, tlw wafer was forced to traverse 

conerke and was caught and weighed ^ it dripped from the 
;lM,Jehkage record^ is the total*‘weight passing during the last lo-min. 

Previous studies have shown that , fairly uniform conditions 
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IMPERMEABILITY TESTS ON CONCRETE, 


of flow are established wkhin the hour when testing under the pressures used, 40 and 
80 lb. per.sq, ip. The strength specimens were cylindrical, 6 in. in diameter and 12 iri. 
in ^gth. The_ tests were made on a 100,000-lb. screw-power testing ma£>hine, the 
crushing tool being htted with a spherical bearing. The specimens were cushioned top 
and bottom with two thicknesses of blotting-paper. 

In the tabulated results several minor inconsistencies appear. To maintain com¬ 
parable conditions throughout a .series of concrete tests is a difficult matter. Both 
permeability and strength tests are greatly affected by slight excesses or defici«icies in 
the amount of mixing water used. The required amount of water varies with the brand 
of cement and its degree of fineness, the fineness of the aggregate and other factors. 
Final determination of the prop>ortion of water depends in some measure wi the judg¬ 
ment of the oi>erator. Und^ 40-lb. per sq. in. water-pressure Portland cement concrete 
in proportions V2 .*3:6, or richer, and all projwtion.s of hydrated lime used give 
impervious concrete. Puzzolan cement in proportions i‘3 : 3 : 6, or richer,’gives nearly 
• impervious concrete. • 

.\t 80-lb. pressure several of the above described mixes are practically impervious, 
and none of them give much leakage. 

High calcium lime is the only material giving entirely con.sistent results in decreas¬ 
ing permeability in proportion to the amount used. It is possible the richest proportions 
of magnesian lime and puzzolan cement were too dry for best results. (See tabulated 
percentages of water in Table I.) Averaging all comparable proportions the relative 
strengths it 3 mo. age are as follows: 

Port'and ceinent. Calcium lime. Magnesian ime. Puzzo’an cement. 

10a per cent. 85 per cent. 76 per cent. 81 per cent. 


The den.sity tests show unexpectedly uniform results throughout the series. 
Hydrated lime alone yields about 23 times the volume of paste that an equal weight of 
Portland cement does. A record of the volumes of rammed concrete produced in the 
tests was kept as a check on the volume computed from the density tests. 

Compari.son of volumes as tabulated is based on the volume of the plain concrete as 
a unit. The lime does not have an appreciable effect in increasing the volume of 
concrete; neither does it increase the density. The result is an apparent paradox. 
Tests on the richest oement-lime p^iste used in compari.son with cement paste showed the 
ccnnent-lime mixture gave an increase in volume of paste of 29 per cent. o\er plain 
cement paste. The density of this paste was o’42. It was, therefore, very |X>rous and 
mu.st have contained a large amount of free water. The density of the plain cement 
paste was o'52. 

Comparison of the relative volunu^ of solid particles in the two pastes resulting 
from equal weights of dry materials is made as follows : 

Volume of cement-lime paste equals 129 per cent, of cement paste. 

I'oox 0*52 = 0*52 = relative total volume of solid particles in cement paste. 

1-29 X o'42 = 0*54=relative total volume of solid particles in cement-lime paste. 

The reason for the failure of the lime to produce measurably denser concrete thus 
becomes evident. The low density resulting offsets the increased volume over cem^it 
paste. Comparison of the density computations, not here given, showed that a smaller 
volume of air was entrained in the concrete where lime wqs used. TTie failure of the 
lime to give an increased total volume of concrete was due to the replacement of free 
water and entrained air in the plain concrete by the porous, water-filled, cement-lime 
paste. This paste simply occupied space which in the plain concrete was filled with 
water and air, and therefore no appreciable increase in gross volume respited. 

This latter result suggests that the use of this mixture of cement and lime should 
give supedor water-resisting •concrete by filling the larger interstices betw^n the 
particles of aggregate with this paste. While this paste will not reduce the total 
percentage of voids in the mass, it will fill tHI comparatively large>.sized pores—through 
which water can pass quite readily—with this fine-pored substance, thus offering much 
resistance to flow. ' » 

The permeability tests here given bear out this deduetbh to some extept, part!cuiaftf)fr 
in the tests at 40 lb. ppesspre. The practical advantage doea not, howrever, .apq^ear from 
these tests to be sufficient to nwit much consideration. 

With cemenUime paste, the. maximum density any paste-ffiled cavity, caij haVe is 
o’4a; with cement paste it may be 0*52. ; 
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Tests by other experimenters, as well as other tests by the writer, have shown the 
density of oertient paste to average about o‘6o for pastes of ordinary consistency. Using 
this value, the merits of this cement-lime paste compare less favourably than above. ' 

Based on prices in New York markets, plain Portland cement concrete costs 
slightly less per cubic yard for materials than any of the other mixes containing equal 
proportions of cementing materials. For equal eificiency in waterproofing at 40 Ib. 
pressure the use of hydrated lime reduced the cost of materials about 5c. per cubic yard 
of concrete. 

Puzzolan cement was at a disadvantage in this comparison on account of the 
remoteness 6f the mill from New York and the consequent high freight charge. 

Concluatoaa. —(i) Hydrated lime is effective in producing impervious concrete, but 
its use is doubtful economy, except, possibly, for resisting low pressure of water. 
Concrete in proportions 1:3:6 requires the addition of a proportion of lime equal to 
about 20 per cent, of the weight of the cement for efficiency against high pressure. 
TTiis results in a slight loss in the compressive strength of the concrete as compared 
with the plain 1:3:6 mixture. 

(2) It is probable it is not an economical material for structures subjected to tensile 
stress, such as reinforced conduits. 

(3) Except possibly for low pressures, equally good results in impermeability can 

be obtained by the same cost Invested in additional cement, with resulting stronger 
concrete. _ _ ^ 

(4) The addition of lime increases the plasticity and mould-filling properties of 
concrete, resulting in smoother surfaces against forms. Its use may give practical 
advantages in fMling around reinforcing steel and in other restricted spaces. 


TABLE 1 .—Permeability and Strengir Tests of Concrete, Effect op Hydrated Lime and Pustolan Cement 


Cement. 

Proportions 
by weight. 

Lea 
in gi 

Pres¬ 
sure, 
40 lb. 

kage 

ams. 

Pres¬ 
sure, 
80 lb. 

Compara¬ 

tive 

strength, 
28 days. 

Lb. 

per 

sq. in., 

3 months. 

Compara¬ 

tive 

yie’d. 

Volume. 

Density. 

Water, 

per 

cent. 

Cost of 
material 
per 

cu. yd. 

Group A: Portland 

m 


6 

6 

H 

745 

1,535 

i-ooo 

0-857 

7-8 

$ 

3*513 

oafy 

Boi 


6 

33 

WbM 

650 

1,180 

1-035 

o-8i2 

8-4 

3-512 




6 

0 

wtm 

920 

1,860 

1-045 

0-788 

8-3 

3-608 


Bbi 


6 

0 


910 

2,000 

1-069 

0-803 

8-5 

3-633 




6 

0 

IB 

1,070 

1,0.50 

1-069 

0-700 

8-7 

3-769 

Group B: Portland 

Mm 


6 

0 

20 

800 

wxm 

x*032 

0-816 

8-0 

3-363 

and high calcium 

BSj 


6 

0 

12 



1-038 

0-804 

8-7 

3-679 

lime 

■2] 


6 

0 

0 


JIIQgQM 

1-069 

0-793 

9-3 

3-704 

Group C: Portland 

MM 

: 3 

6 


4 

475 

830 

1-038 

0-789 

9-1 

3-553 

and magnesian 

B9i 

3 

6 

0 

0 

763 

1,460 

1-0^ 

0-793 

8-8 

3-617 

lime 

KB 

: 3 



14 

760 

1,343 

1-069 

0-789 

8-8 

3-794 

Group D: Puscolan 

ID 



Ml 

22 

600 

880 

i'Oo6 

0-822 

7-6 

3-642 

only 

B0I 




25 


1,4x5 

2*oi7 

0-833 

8-0 

3-747 


BS1 




43 


1..545 

1*030 

0-798 

7-8 

3-841 


BSI 




0 


1.303 

1-028 

0-784 

7-9 

3-974 


Bi 

y 

m 

D9 

6 

■1 

1,505 

1*075 

0-817 

7-7 

3-949 


Itie fractional parts in cement column of Group A are eEcess Portland cement; in Group B, calcium lime; in Group C, 
tnasnesian lime; and in Group D, excess puzso'an cement. 

Permeability specimens, cylinders 8>m. diameter, 6 in. in length. Tceted at 40 lb. [nessure per sq. in. for one hour, 
then at 6 a ib. one hour without iaterruptlon. Three specimens in each average, 

Portland cement; tensile strength, r : 3 Ottawa sand, aS days, 306 lb. per sq. in., sp. gr. 3'i6, Thru No. 200-mesh 

. Pa^an cement; tenifle strength, x : 3 quarts sand, s8 days, 146 ib. ppr sq. in., sp. gr. 2*90, Thru No. 200-mesh 
•iev«,454 per cent. 

Co uip wss l vB qiedment; eyfindets b-in: diameter, la in. in length, 28 day tests on one 


_ ... , . _ . , on one specimen usually. 

tmmvu teats, the ovopge three spednaens inmU cases. Permeabi ity tests made at 28 days age. 

fo ; Portland ceiqent, W.yS ; Puazolan cement, 87,60 

J j; j & ^ghtly efficletit than the cement-hydrated lime cqn- 





the prolan cement is at ah economic disadvantage 
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(was to Cbnipai'e the hffect of clay in reducing permeability 
e|i«^vafc^t Wei^s of extra oelhent. 














































IMPERMEABILITY TESTS ON CONCRETE. 


The clay used was a white, pure clay from Georgia, intended to represent high- 
grade maiterial in colloidal properties. Approximate quototions of prices, delivered in 
New York, gave the cost as very nearly equal to that of Portland cement, weight for 
weight. The tests, therefore, afford a direct comparison of costs of the two processes 
ot waterproofing, assuming that the use of clay involves no extra cost in mixing the 
concrete. 

Plain concrete of two percentages of cement, lo per cent, and ix per cent., were 
selected as the basis of the tests, the total percentages of fine material in the dry mix, 
45 per cent., remaining constant. The percentages of day used were based on the 
weight of the sand and replaced the stated percentages directly by weight. The 
percentages of clay selected were 5, 7'5, and 10 per cent. For comparison, a series of 
specimens was made in which extra cement replaced the stated percentages of sand in 
the same manner as the clay; also blanks or specimens containing no clay or extra 
. cement. 

The casings of neat cement in which the specimens were enclosed for testing were 
not as perfect as are usually secured, and permitted a small leakage between casing 
and specimen in a few instances. The water appeared at the edges of the specimens 
and could not be separated from that coming through the concrete. In tabulating the 
results these defective specimens, as determined by the judgment of the observer, were 
omitted. 

Table 41 . shows, as in previous tests with clay, a marked decrease in permeability*, 
over plain concrete, but as compared with the extra cement there is no practical 
advantage. Both processes give impervious concrete at 80 ib. pressure. It is of 
practical value to note that the concrete df ordinary sand and gravel containing i3’5 
per cent, cement was impervious at a pressure corresponding to 185 ft. head of water. 


TABI.K II. —PBRMEABiLrtY AND STRENGTH TeSTS OF CONCRETE, EfFECT OF ClAY. 




Proportion by weight. 


! 

Clay, 

per 

cent. 

Leakage 
in grams. 

Compara¬ 

tive 

strength, 

lb. 

sq. m. 

Density. 

Water, 

per 

cent. 


Cement. 

Clay. 

Sand.3 

Gravel. 

Pres¬ 
sure, 
40 lb. 

Pres¬ 
sure, 
So lb. 

Group A .. 

mi 

0 

yso 

3-.30 


6 

73 

770 

0789 




0'i8 

3-3* 

5-50 

5 

0 

3 

910 

0782 

§T 



0-26 

3’24 

5*30 

7-3 

k 

9 

IplZO 

0-768 

9-6 



0’35 

3't.3 

5-50 

10 

0 

0 

943 

0-770 

9-2 

Group B .. 

i.x6 

' 0 

3‘3a 

3-30 


m 

2 

r,t30 

0-807 

7-9 - 


I-26 

u 

3'*4 

5‘30 



10 

1,290 

n-8oo 

8-3 


i'35 

0 

3-15 

5-30 


H 

0 

1,263 

0-780 

9-2 

Group C .. 

IT 

0 

3-40 

3-3° 

0 

37 

128 

800 

0-773 

9-7 


IT 


3*a3 

5-.30 

3 

0 

0 

880 

0-780 

9*3 


IT 


3'I4 

3'5o 

7‘5 

0 


903 

0*772 

9*2 


IT 

H;9 

3"o6 

3-30 

XO 

0 

Trace 

903 

0-777 

9-8 

Group D .. 

1*26 

0 

3-24 

3-30 


3 

zo 


0-800 

8-3 


i'35 

0 

3‘I5 

3-3° 


0 

0 


0-780 

9*2 


1*44 

0 

3'o6 

3-30 


Trace 

17 

Hail 

o-79t 

10*4 


Sand, Cow Bay passing O'z-in. sieve; gravel. Cow Bav. between 175 and o*a-in. sieves. 

Portland cement; tensile strength, x : 3 Ottawa sand, aS days, 329 Ib. per sq. in., sp. gr. 3*18, Thru No. aoo-mesh 
sieve, 76 per cent. 

White Georgia clay passing No. 30 sieve. 

Compare Group A with B, C with D, Gsoups A and B based on 10 per cent. Of cement. Groups C and D on ii per 
cent, of cement. Clay replaces stated percentages of sand baaed on the blank. Age at testing, aS days. Duration of 
penneability test one TOUT at each pressurSI Leakage reported for last xo min. Three specimens In each average usual^ 
Specimens cylinders 8 in. in diameter, 6 in. in length. Compressive specimens, cylinders 6 in. in diameter, xs in. In length 
One specimen in each test. ^ 

There is a trivial discrepancy, 0*01 per cent., in the pereentages of eNless 
in two the tests ki grpup D aa.bcanpared with the percentages of day in the coite- 
spemding tests in group C. It will be observed these tests in gro^ D wane brought 
down from group B? these aperimens,. oontalnktg so nearly petoabtagte iw 

cement that new tests were not required for com^rlsfEm with ' 

Deaal^y.—The clay sli^tly decreased the 4 en^ in the 70 per cent, f^cretet 
slightly increased it in the ii per cent, concrete, The ejtofffls. «;»njent 
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TKBUE III.—PerksaAilrit Tests of Mortar, Effeoi of verv Fine Cement. 


Brand 

No. 

Leakage in grams. 

Fineness. 

Specific gravity! 

Normal 

pressure, 

40 lb. 

Cement 

pressure, 

80 lb. 

Silted 

pressure, 

40 lb. 

Cement 

pressure. 

80 lb. 

Sieve 

100. 

Number 

200. 

Normal. 

Sifted. 

I* 

3 

22 

3 

33 

96*5 

79-8 

4 't 6 

3 -n 

a 


43 


2 

93*5 

74*6 

3*17 

3-13 

3 


29 


Trace 

97-6 

. 89'4 

3'o8 

3*05 

4 


331 


81 

94*7 

84-9 

3-16 

3-14 

5 


97 


Trace 

94*3 

78 -g 

3-13 

3'ia 

0 


31 


2 

91*3 

79-4 

.VI4 

3 -II 

7 


5 


0 

93*4 

75-0 

3-19 

3*17 

8 


6 


Trace 

93*3 

8i‘0 

* 3 -l 8 

S*l6 

9 


71 


0 

gl'O 

73-0 

w 3-10 

3*09 


Proportloos i : 4 by weight. Sand, Cow Bay graded so as to be permeable. 

Age, 48 days. I>uratioii of test one hour. Leakage reported for last ro min. 

Specimens, z-in. cubes cnc osed in neat cement casings. 

Five or six specimens in each average, except for brand No. y, in which three specimens were used. Temperature o 
water 63“ to 68’ F. 


the density in both the 10 and 11 per cent, concrete, with the exception of the 10 per 
cent, increase in the 10 |>er cent, concrete. The maximum increase with both the 
10 and II per cent, concrete wa.s with 5 per cent, excess cement. 

Stream’/A.—Strength was tested only infiidentally, the material used for the density 
tests being utilised to produce a single 6x12 in. compression cylinder of each mix 
for testing at 28 days’ age. The clay gives increased strength over the blanks, but a 
smaller increase in all ca.ses than the corresponding excess of cement. 

It is notioeiible that the day gives better results in the leaner concrete. This seems 
to indicate that the clay acts simply in a manner similar to ordinary very fine aggre¬ 
gate, for it is well known that lean concretes are benefited in strength by the addition 
of fine material, such as loam and dust, while rich concretes are not. 

Notea on Clay .—It .should be remembered that these comparisons are based on the 
assumption that no extra cost in mixing the concrete is involved in the use of the clay. 
I'his assumption is undoubtedly in favour of the clay, as special applianws for intro¬ 
ducing it would be necessary. In these tests the clay, which was in a comparatively 
dry and lumpy condition, was pulverised and sifted to pass a No. 30 siwe. Fifty-four 
per cent, pas^ the No. 100, and 15 per cent, the No. 200 sieve. Should it be found 
necessary to adopt this method in practice, the process would involve considerable 
expense. less expensive method, if found practicable, would be to add the clav to the 
mixing water. 

Should it be found that common brick clay would serve the purpose, this material 
could be obtained for about $3 per ton, or about three-eighths the cost of cement. 
This advantage would be partially offset by the mechanically combined water in the 
clay. Clay as taken from the bank ordinarily contains 20 to 40 per cent, of 


TABLE IV.— PERMEABILRV TESTS OF CONCRETE, VaEUTION OF LEAKAGE WITH PRESSURE, 


Sand. 


Stone. 

Proportions 

Pressure and 

1 leakage. 


by weight. 

20. 

40. fo. 

60. 

1 

too. 



.. Unwstone t'Ti-HH in. 

,.., (SneiBS i-$o-ro in. 

to. 

iitoili' 'tSiMM to. 

/'Onim to', 


3-53,! SJI 3 

: ir«6 ss 
3:50 : S'SS 14 
3‘ii.J . 57* X4 



6 

19 

.Si 

*7 


*3 

35 

I<i 9 

440 

5 * 

48 


43 

47 

361 

80 

80 


Ratio of leakages. 


4*00 4>33 yff 

3*8 7 ‘ 0 o 9*40 

*•** 3*76 3*44 

4'49 4-00 6’S7 

»‘S 3 3*64 5 - 7 * 

*•59 3*43 5*71 

*•36 4 * 3 « fr 7 S 


7*07 

9 '<M 

9*44 

8-31 











impbumeability tests on concrete. 

iriecl:^nically combined water. This amount can be greatly reduced by air drying, but 
clay is very hygrosct^ic and may absorb as much as lo per cent, of its weight of water 
from the atmosphere. 

Concluaiona, (i) Clay added to ordinary concrete gives beneficial results in 
permeability and strength, with no practical effect in density. 

(2) Compared with an equal excess of cement by weight, clay gives no advantage 
of practical importance in permeability or density, and results in a loss in strength. 

(3) Both processes give impermeable concrete under 80 lb. pressure. 

(4) If the use of clay is practicable on a working scale, its possible economic use 
under two methods is evident: 

(a) By mixing with the cement at the cement mill. The mixed material would 
have to be sold about 20 per cent, cheaper than ordinary cement. 

(b) By mixing in the field in localities where the cost of cement is high and clay 
can be obtained very cheaply. 

-Subsequently to the above tests another series was made in which blue New York 
brick clay was sub.slituted for the white Georgia clay. Tne results confirm the 
earlier tests. 

EFFECT OF VERY FINE CEMENT. 

Tests on mortar specimens wt^e made using ceinent in its normal condition, 
parallel tests being made using jxwtions of the same samples of cement sifted through 
the No. 2rto sieve. A single test was made using the residue on the sieve. Nine well 
knovxm brands comprised the series. 

The marked dccrea.se in permeability, as .shown by the accompanying Table III., 
resulting from the sifted cement shows that as in strength so in permeability the 
finer particles only are efficient. Extremely fine grinding may be of even more import¬ 
ance for its effect on imixrmeability than on strength. 

ADDED CEMENT AS A FILLER. 

The writer designates such finely divided materials as hydrated lime, clay, puzzolan 
cement, sand cement and vtvy fine sand, for want of a more scientific name, as pore 
fillers. The preceding and other tests not described here have demonstrated that such 
substances may be used to produce highly impermeable, concrete. The same result 
can, however, be obtained by the u.sc of an extra amount of Portland cement, at le.ss 
cost usually than by any of the spec-ial materials, .and in all cases with an increase in 
the strength of the concrete over the other materials. For impermeable construction 
concrete .should contain not less than 45 per cent, of combined fine aggregate and 
cement. With ordinary aggregates 15 to 18 per cent, of the entire dry mixture should 
be cement unless the resisting walls .are several foet in thickness. 

In all the preceding tests the smooth tof) and bottom surfaces of the sjjecimens 
were chipped off. The surface formed against smooth forms is very highly effective 
against permoability if unbroken. Offsetting this important matter in practical work 
we have the usual necessity of depositing the concrete in successive layers with the 
possible attendant formation of planes of stratification jjarallel to the water pressure. 
Leakage in this direction, unless the concrete is of such a wet mixture and the con¬ 
struction so continuous as to prevent the formation of such planes, msiy be many times 
greater than that due to perpendicular pressure. In one test on 1:27; 6-3 concrete 
the excess of leakage parallel to the bedding planes was 70 per cent. 

VARIATION OF LEAKAGE WITH PRESSURE. 

In this series the aggr|gates included quartz gravel, crushed limestone, gneiss 

The fine aggregates included both natjj^ral silicious sand and screenings from the 
coarse aggregates. In one set a half and a half mixture of Mtural sand and screen¬ 
ings was used. . . . ^ ^ 

The series, therefore, represents a wide range in materials. Each of the «ix ^ 
consisted of three specimens. Nearlv every specim^ was tested at ea^ of; tbe^ nve 
pressures. The specimens constituted the blanks from a largw series of pii^enbiltty 
tests made at 40 and 80 lb. pressure in which certain chemicals w^e mvesti^ted for 
their waterproofing properties. It is unnecessary to describe the senes here. 
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The present "tests were made by subjecting the specimens to a second series of 
pressures of greater range than the original pressures. Following the first tests the 
s^cimens were allowed to drain about 2 hours. Pressure of 20 lb. was then applied 
and raised to 40, 60, 80 and too Ib. at 30-min. intervals. The total leakage for thd 
last 10 min. of each period is used in this study. 

Observations early in the tests showed that for this series fairly uniform rates of 
leakage w^e established within 30 min. after pressure was applied. 

The average results on each set of three specimens are given in Table IV., and 

averages for the entire series by the accom- 



Pressure in Pounds per Square ‘Inch 


Variation ok Lkakage through Concrete 
WITH Pressure. 

the water passages. It is probable 
would decrease in the usual manner. 


panying curve. 

The range in pressure was sufficient to 
cover all heads up to 230 ft. The general 
conclusion is reached that leakage increases 
more rapidly than pressure. In any practical 
case, having the leakage determined bv a* 
test within the range of pressures given 
above, the leakage at any other pressure may 
be estimated by referring to the cun e. 

Lean concrete was used in order to insure 
measurable rates of leakage throughout the 
series. 

The leakage was higher in th*s series of 
tests than in the original te.s'ts on the same 
specimens. -The average increase for the 
eighteen specimen.s was 29 per cent, at 40 lb. 
and 12 per cent, at 80 lb. pressure. This 
indicate.s that raising the pressure enlarges 
under continued action the rate of leakage 
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THE USE OF CONCRETE 


FOR ORNAMENTATION 


IN AMERICA. 


Ttuit concrete CAn be success fully applied for ornamental use in public parks, gardens, 
etc,, vHll be seen from the sabfoined particulars of some v/orks carried out for the 
munlctpattty of Chicago, We are Indebted to Concrete Cement Age,'^ U.S.A., for 
our Illustrations and details, abstracted from an article bv Me. Marc, N, Goodnow, —ED. 


In the laying-out of the gfrounds in the Chicago Parks, U.S.A., concrete played 
a very prominent part, and these parks form a very striking example of what 
can be done by the use of concrete in artistic buildings, ornamental ground 
pieces and flower receptacles. 



Sherman Park .—The en¬ 
trance to this park is marked 
by six heavy reinforced concrete 
pillars or gate-posts of orna¬ 
mental design. Just inside the 
gates is a pebble concrete arch 
bridge spanning a lagoon. The 
lop of the bridge, or guard 
rail, is capped with concrete 
slabs made in sections. Two 
such bridges are to be found in 
this park. 

Fuller Par*.— This park 
has a very fine recreational 
building of three stories, with a 
fountain court and corridor or 
cloister of four sides in con¬ 
crete. There is also a very 
large swimming tank and bath¬ 
ing house. This swimming 
tank is lined with white terra¬ 
cotta. 

Washington Park.— 

Among the many • interestuig 
features in Wasiriagton Park 
are numerous urns, fountains, 

concrete was largely used 
in the construction and in-the 


Conotet* F1 o«n7 Ucb. 
Washjnqtom Park, Cmcaae,,VJSi^ 
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ornamentation of the administration building in this park. Our illustrations 
show some ornamental flower-pots and pedestals. In the construction of these 
pedestals a mixture of i part limestone screenings, 2 parts pmk granite screen- 



Concrete Posts. 

Shrrman Park, Chicago, U.S.A. 




P^tae Coneraui . 

U.S.A.. 


'Of,Jtinest0Qe. awd -gmrfite was,.used. This 
two sections of st gelatine mould cast from the 
®*'*”*y together by rope. 



IN AMBRWA. 



The upper basin is of the same material. No terra-<iotta-lining was used 
in constructing the bowl, but it was reinforced at Ihe top with'wire netting .and 
^-in. rods spaced lo in. apart. A i-in. finishing coat wfts litter 6n applied 



Inner Couit, Recreational House 
Fuller Park, Chicago. U.S.A. 



Concrete Swimminil’Poo). 
Fuller Park, Okicaoo, U.S.A, 


composed of 2 parts sand, 1 part cement and gallons of a waterproofing 
compound called Ilydrolite to each barrel of cement, 

Wading pools and swimming tanks abound in these parks and are be¬ 
times surrounded with concrete berwjhes. . . * , 

Among other remarkable features of the» >arks wo would tnchtlon a 
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Crete breakwater in Jackson Park. The entire body of the breakwater, which 
also acts as an inlet to a chain of inner lakes, as well as the heavy, short 
pillars and double bar railing, are of reinforced concrete. In this park, also. 



Pebble Concrete Bridge. 
Shrrman Park, Chicaoo, U.S A. 



ktsaifpreed Co^ete Redteetion BttiMinit. 
, : !»**«, CWicAop, U.S.A. 


^ fountains of running water cast in 

' are a ft. 6-In. in height and are reinforced about 
’aM -»surrotuided at the .base by a wide platform of 


IN AMERICA, 



concrete pavement. The interior of the basin has been finished with a coating 
of cement, no terra-cotta being used to line these small fountains. 

The use of concrete has been found to be particularly advantageous in this 
pai'k on account of the dampness about the heavy foliage where buildings are 
often erected. For this reason alone, the writer of the article states, the wide¬ 
spread use of the material is rapidly increasing, and as time goes on all the 
frame construction which rots away will be replaced by permanent concrete 
structures, upon which time and damp have no effect. 



Concrete Flower Pots. 
Washington Park. Chicago, U.S.A. 
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It Is our Mention to publish the Pjtpers *nd Discussions presented before Techntcst 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner Ms to be easily available for reference purposes. 

The method we are adopting, of dividing the subfects into sections, is, we believe, a 
new departure.—ED. _ 


THE CONCRETE INSTITUTE. 

, ACTION OF ACIDS, OILS AND FATS UPON 

CONCRETE. 

By W. LAURENCE GADD, F.IvC, M.C.I. 

7 following is an abstract of a paper read at a meeting of the Concrete Institute on 
December 12th, 1912. In connection with the paper the author gave numerous tables 
setting out the tests made by him, but we only reproduce tables . 4 , B, and F here. A 
discussion followed, of which a summary is also given. 

GENERALLY. 

Neither cement nor concrete will withstand the action of hydrochloric, nitric, and 
sulphuric acids. They decompose and dissolve the constituents of cement, even in 
dilute solution. Even a weak acid, like carbonic acid, has a distinct action upon 
I'ement, which, suspended in water, can be practically entirely carbonated by passinf^ 
a current of carbon dioxide into it. 

The action of organic acids, such as lactic and butyric acids, tannic acid, tartaric 
and citric acids, and acetic acid or stale beer, is not so marked; but it is very probable 
tnat the whole of the series of higher fatty acids will be detrimental to concrete. 

The tendency of organic acids to combine with carbonate of lime is much less 
than with hydrate of lime, and it follows that an acid which would be dangerous in 
contact with green concrete might be perfectly harmless in contact with old or in¬ 
durated concrete. Thus, stale beer has a distinctly detrimental action upon new work, 
but once the concrete has indurated by exposure to air fw some time, the acid of 
sour beer has little action u|x>n it. 

Fresh beer has, itself, a weakening action on green concrete; but the deteriora¬ 
tion in this case is due to the sugar and other organic constituents of the beer, and 
ncJt to the action of beer acids. 

TABLE A. 



Tensile Strength (lbs. 

fer square inch.) 





Neat. 


Sand (3 

:i). 

, 

3' Days. 7 D.ays. 

28 Days. 

7 Days. 

28 Days 

Kept in water .... 


76s 

1,030 

340 

435 

- ' 

€20 

130 

960 




63s 

747 

990 




3ISSS 

8SAJS 

23ES3 





Plunge pat—Sound. 



'jCept 

620 

710 

810 

300 

360 



d 7 S 

750 




T|l|lW«i' 

6 ga 

7S0 





Pludge pat— 

-Failed. 
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1 he test pieces were gauged with water in the usual way, and after twenty-four hours 
in moist air were immersed in water and beer respectively until due for jbreaking. 

• commonest forms of acid action to which;building material is subjected 

IS that of sulphuric acid, derived by oxidation from the sulphurous gases. present in 
the atmosphere of large towns. This is noticeable on Portland stone, but appears to 
be less marked on concrete buildings, possibly for the reason that the surface pores 
of concrete become closed with a deposit of calcium sulphate, which affords protection 
from further action of the acid. 

Lactic acid is produced by the fermentation of milk, brought about by the micro- 
c<rganism Bacterium lactis, and is a possible acid to come in contact with concrete 
structures in farm buildings. The action of this acid is confine to conlbination with 
calcium hydrate, forming calcium lactate (Ca (CjHftO,), + 5 H, 0 ). This salt is soluble 
ill water, and in wet situations would bo readily leacKed out of cpniTete in which it 
, was formed, so that the deleterious effect of lactic acid would consist in the gradual 
removal of the lime hydrate, which plays an important pait in the induration of 
concrete. For practical purpK>ses, it is probable that this action would be very small. 

The following tests show the effect of prolonged immersion in a solution of lactic 
acid, prepared by fermenting milk, and removing the curd :— 


TABLE B. 


Mortar 4 ; i 
TtSit pieces 
respectively. 

(ordinary building sand). 
1 day in air, 27 days 

and 3 months 

in the whey and 

in w'ater 

Tensh.k Stkength. 

Crushing 

Strength. 


28 Davs. > 

3 Months. 

28 Days. 

3 Months. 

In whey . 

. 4.10 

470 

4.700 

6,700 


440 

470 

4,goo 

6,000 


43.S 

470 

4,800 

6,350. 

In water . 


495 

4,600 

6,800 


410 

4.750 

7 ,OCX) 


405 

487 

4.67s 

6,goo 


This is, of course, a much more drastic test than would be at all likely to occur in 
practice, but the results do not disclose any marked deterioration caused by the 
luetic acid. 

Concrete vats would appear to be suitable for tanning operations, and the possible 
action of tannic acid becomes of importance. This acid, of which gallotannic acid 
(CyHioOii) niay be taken as a tyi>e, is again an organic acid which combines with 
calcium hydrate to form cjilcium tannate, but as the combining weight of tannic add 
is high—sixteen parts by weight combining with only one part of calcium—the 
pi obable action is not very serious. 

Various tests have been carried out in order to ascertain the effect of gauging 
with a solution of tannic acid (two grammes per litre), and, for comparison, test 
pieces of the same cement were also made in the usual way, gauging with water 
only. 

It was found that the test pieces gauged with tannic acid solution gave lower 
tensile and crushing strains, but the difference is not sufficient to mark any great 
deterioration. 

OILS AND FATS. 


Proposals have of late been made, particularly on the other side of the Atlantic, 
to incorporate a certain small amount of oil or fat with concrete, with tte object of 
giving the same dustless, waterproof, an^ other qualities. What we might almost 
call the natural instinct of the concrete worker has, however, alway^ led him to 
avoid oil or grease as far as possible,.and he has been right. , . ,, 4- 

Many oils and fats react chemically with the cement constituents, and in this class 
must be placed the jvhole of the oils and fats of animal or vegetable origin. 

The^ substances consist of the glycerides of various fatty aads, such as stearic, 

palm^, fatty adds, which constitute the neutral oils apd .fats of 

animal or vegetable origin, are readily decomposed, or saponified, by certain metals 

' , , 
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axuL metattic salts, and by all alkalies, including calcium hydrate, which we know is 
a constant product in cement or concrete which has been gauged wkh water. The 
result of this saponification is the decomposition of the oii with the formation of a 
metallic or alkaline salt or soap, and the liberation of glyc^-in. 

Thus, tallow is saponified by calcium hydrate, according to the following 
equation:— 

^ 2C,H»(C«H„0,)34-3Ca(OH),=2C,Hs(OH)3+3Ca{C,8HwO,), 

Tristearin (tallow)+calcium hydrate=glycerin + calcium stearate (lime soap). 

Calcium stearate is a whitish, friable material, insoluble in and immiscible with 
water; whilst the lime soaps of other fatty acids commonly occurring in oils and 
fats are slimy and sticky substances which, although water repellents, do not, so 
far as the author’s experiments show, render concrete less permeable to water, and 
decidedly reduce the tensile and crushing strength. 

By this process of^saponification, which takes place rapidly under the influence of 
heat and more slowly in the cold, cement or concrete will certainly be injured by the 
admixture of any animal or vegetable oil or fat; and if the concrete be green or new, 
thiM"€ is some liability of damage l)eing done to it by mere contact, such as might 
occur from constant drippings of oil upon it. 

Caldum carbonate has not the power to saponify neutral oils or fats, so that oil 
in contact with indurated concrete, in which the calcium hydrate has been largely 
converted into carixmate, would have little deleterious action. 

Mineral oils and greases, which are hydrocarbons, are of a different constitution 
from that of the animal and vegetable oils, and are inrcapable of saponification. They 
have, therefore, no injurious action from this particular cause, although they weaken 
the strength of concr^de for physical or mechanical reasons. 

This is experimentally confirmed by a series of tests on sand mortar 3:1, in 
which various oils and fats were incorporated to the extent of one-tenth of the weight 
of cement used. 

The oils and fats used were vaseline, cylinder oil, lard, cotton seed oil, and colza 

oil. 

The tests were for periods of seven days, one, three, six and twelve months. 

The results of the tests showed that the vegetable and saponifiable oils, cotton 
seed and colza, are absolutely destructive to concrete, and that the mineral oils, which 
are not saponifiable, reduce the strength very materially when mixed in small propor¬ 
tion with the mortar. 

When testing samples of cement for tensile strength, the author observed that 
many operators use colza oil for the purpose of greasing the briquette moulds. The 
film of <m 1 which remains, or should remain, on the moulds is, of course, very thin, 
but colza oil cannot be considered a suitable oil for the purpose, seeing that it has so 
great an action upon cement. Briquette moulds should be oiled with mineral oil, cw 
a mixture of heavy mineral oil and paraffin. 

In order to test the waterproofing qualities of oil-mixed concrete, flat slabs of 
similar mixtures to the above were ma& in a standard manner, and, after twenty-eight 
days, were submitted to percolation tests by subjecting them to a water pressure of 
•50 lb. per sq. m., in such-manner' that the water forced through the slabs could be 
collect^ and measured. The following table sets forth the results obtained:— 


TABLE F. 

Slabs kept aS days in water before testing. 

Area subjected to water pressur 
WAtXX PiatCOUTED THROUGH THE SLABS. 

. Oil added. 

None (cemriit only) .... 

VaaiAine ...... 

1’ • j I* )' ’ 

oil 


Size of slabs—10 x 10 x 3 in. 
16 sq. in. 





1) 

!i) 

j! 

iS- 

a) 

,1) 

la) 

U) 

2) 


Litres per Hour. 
4'7 ■ . 

If 7 
1340*0 
3400 
oqs'o. I 
, ' ma'o 
. Slab broke 


4t‘a 

Slab broke 
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It is to noted that these slabs were not intended to be made absolutely water¬ 
tight, the object being to obtain a comparison. Leighton Buzzard sand w'as therefore 
used, and the results show that under identical conditions sand mortar without any 
addition of oil was more watertight than with any of the oils or fats tried. The 
addition of lard, colza, and cotton-seed oils to the extent of less than 2'$ per cent, on 
t^ weight of the concrete prevented the slabs from setting properly even after twenty- 
eight days, and they were unable to withstand the water pressure placed upon them. 

In order to test^ the effect of oils upon concrete gauged with water in the usual 
way a number of briquettes were prepared, consisting of four parts of ordinary build¬ 
ing sand to one part of cement; and after twenty-four hours in moist air these were 
immersed in various oils for periods of one, three, six and twelve months, at which 
dates the tensile and crushing strengths were ascertained. 

A further series of similar test pieces was prepared, but in this case the briquettes 
, and cubes were allowed to mature in air for twenty-eight days before they were 
immersed in the oils. * 

These tests again bring out the destructive action of saponifiable vegetable oil, 
the test pieces immersed in cotton-seed oil being reduced to mud in less than three 
months; and although the mineral oils and turpentine had much less marked effects, 
they nevertheless materially reduced the strength of the concrete immersed in them. 

The broken briquettes, which had been immersed in oils for twelve months, were 
freed fromi the sand, as far as possible, by sifting, and from adhering oil by repeated 
extractions with ether, and then submitted to chemical analysis. 

There were five samples. A, B, C, D, E, The first four had been one month 
in air and twelve months in oil. Sample t was only one day in air before immersion 
in oil. 

The results showed that exmerete in contact with certain oils suffers chemical 
change by the combination of the liberated calcium hydrate with the fatty acids of the 
oil, as much as 32 per cent, of oil being combined in a period of twelve months, when 
green concrete is immersed in cotton-seed oil. 

This amount of oil in combination as calcium oleate and stearate is quite sufficient 
to account for the disintegration of the concrete. 

In parallel cases of briquettes immersed in cobton-seed oil after one month’s 
induration, and after one day only in air respectively, the action of the oil was much 
less marked in the former than in the latter, due to the fact, as mentioned earlier in 
this paper, that fattv acids do not react with calcium carbonate. 

CONCLUSIONS. 

The conclusions drawn by the author from theoretical and experimental data 
are':— 

1. That the addition of oil or fat, of any kind, to concrete results m a weakening 
of the strength. 

2. That animal and vegetable oils have a direct action on green concrete, and in 
time will bring about its destruction. 

3. That indurated concrete is less liable to be attacked by oils and fats. 

4. 'rhat oil-mixed concrete is not rendered more watenwoof. The least permeable 
concrete is, in the author’s opinion, a dense moritar in which the aggregate is prq>erly 
graded to fill the voids. 

DISCUSSION. 

The PreeUent! One thing Mr. Gadd has proved is this, that the addition of any extraneous 
matter to Portland cement does not improve its strength. It is well known that where acids 
come into contact with concrete, then destruction is bound to take place sooner or later. In 
amplification of this paper Mr. Wells stated he Bad made some experiments six or wen years 
ago as to the action of creosote upon concrete. He was designing a tank to coatSin creosote, 
and wanted to find out what the action of creosote would be upon concrete which had been 
kept under air for six n^ths, three months; five to om concrete, three to one sa»d, tests 
and neats; and in every instance where it has been kept in creosote for 18 months thh strength 
was higher than when it was kept in water. In the case of neat cement, after j8 months dm 
test for crushing amounted to 1,163 tons “ SQ* » 9*46 *«*»» ® “ 3 * »- K 

under normal conditions—that is to say. anywhere ranging from 40 to 60 degrees Fahreohe^ 
and during the whole of the period in the neat cement tests the creosote had not permeated it 

■ la; 
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at all, and it had .only entered W) about One-eighth of an inch, except where one sample was 
made with a, vwy soft and porous stone, where it went right through. But where the same 
tubs y^ere tb^n placed in a chamber where the creoSote was heated to lao degrees in less than 
14 days it went clean through the neat cement. 

Mr. D, 3, BuiUr, Ataoe.MJa§t.C B„ P.C.S. (Member of Council C.I.) : Only those who 
^ve had occasion to.undertake research of this kind can realise the immense amount of work 
involved in a paper as the one prepared by Mr. Gadd. 

It is a little peculiar that the very first substance or liquid mentioned in the Paper is 
beer. As a rule the effect of beer on concrete is very indirect. But he would like to ask, 
referring to the tier tests, as to what effect the beer had on the setting of the ceraeul. 
Mr. Gadd in most of his experiments only gives the average of two cubes or briquettes on each 
date, and in referring to Table B it will be seen there that the result at three months in whey, 
if only one briquette should.have been taken instead of two, the result in the one instance 
would have been 6,700, and in the water 6,800, practically the same; so it shows really the 
necessity in all these eximriments for taking a fair average; two is hardly enough. 

With regard to the rests where the cement was gauged with tannic acid, comp.irative tests 
are given with tannic acid and water. In this experiment the test pieces in each case were 
mixed with a solution of tannic acid. That seems to be scarcely as practical as it would have 
been if the test pieces had been made with water in the ordinary way and immersed in a 
solution of tannic acid. Briquettes of concrete are not as a rule gauged with tannic acid, but 
sometimes, as shown, it is subjected to the liquids from tanning. 

He quite agreed with Mr. Gadd’s remark where he refers to what he calls' the natural 
instinct of concrete workers in avoiding oil or grease in any way. W’e know that in moulding 
briquettes and moulding test pieces we oil our moulds. Po we oil our moulds to make the 
cement stick to the moulds or otherwise? So it*seems a very fair answer to mhing oil of any 
kind with cement. 

Regarding the results of the teat of the various vaselines and oils mixed with cement, it 
would be interesting to know how the author managed to mix vaseline and oil with the 
concrete in those small proportions and the method in which he did that. 


Referring to the colza oil tests, it is a little curious that the seven days’ results show a 
small crushing strength; the one month and three months’ show no strength at all; then they 
go on again, and in six months’ aiUd twelve months’ they have gained some strength again. 

Regarding the percolation tests, some further particulars are needed. Some twenty-five 
years ago Mr. Faija in his forced peroolatoo of sea-water through concrete, used half-inch 
briquettes, composed of three to one sand, a brass clamp was fixed top and bottom of the 
briquette, to which was attached a screw nozzle to the pipe, and then same was attached to a 
water tank is ft. above, so that a 15 ft. head of water was obtained forcing through this 
briquette, and after a time it was found the percolation ceased entirely owing to the blocking 
up of the pores both with sea water and fresh water. 

Regarding the test pieces immersed in various oils compared with water. It is certainly 
rather drastic to immerse a briquette into absolute oil and turpentine. But it is curious that 
the tensile strength of the ootton-seed oil is absolutely nil in each case, whereas the crushing 
strength varies from goo lb. to 1,700 lb. at various dates. 


The same irregularity occurs in the tests where the cotton-seed oil at one month gives only 
an average of 62 lb. tensile, but an average of 2,675, crushing. As a rule, the ratio between 
tensile and crushing is somewhere about ten to one^-that is, the crushing is about ten times the 
tensile, and, curiously, in this case it is roughly only about a one-hundredth part. 

Regarding Table F, it would be interesting to know if in addition to the analyses of the 
briquettes, immersed in the various kinds of oil, showing the combined oil and combined water 
with-toftracts of the oils and sand, whether a briquette had also been analysed which had been 
immerwd in water only showing the amount of combined water in the briquette. 

With reference to sample F, which was only kept in air one day before immersion for 
twelve, n^tbs, whereas, tl^^ samples bad been kept in air for one month, this seems a 
■ 4 «t^ (Erisc^iar, and it wquM be interesting to know why this was done. 

pouiibil C.I.) : There is rather a curious co- 
The ctushii® strength of the cement at seven days 
alffliost ali the w^y through just dooblq that rttengUi. 
'f' C., tl^gh the cement, a very .large rexnfdiced 

m'On.tfas ago, and it had vbry sli|^t leakages 
b®l»*ifad that is the usual experience with 
d6e?i tf, jiropetJy made^ become cventiully 
is' fair'aVerkge-concrete ioT that class of.woric'. 



ACTION OF ACIDSi ETC., ON CONCRETE. 


But an interesting thing which the client did in that case was this: he threw oatmeal into the 
water, and whether it was the oatmeal that gradually, with the very slight movement of water, 
actually hlled up the points of leakage, or whether it was due to the action of the cement 
is Questionable. 

Mr. ft, W. Vmwtlrey, B.A., Auoe,MJB»t.C.B. (Member of Council C.I.), asked the author to 
what extent he thought that the weakening of the concrete, either tension or compression, was 
due to the actual diminution of the size of the concrete. In some cases, at any rate, he 
assumed, where the action was very marked, as in the case of colza oil, on some of his 
briquettes, there was .an actual diminution in the size of the block. Apart from that, how¬ 
ever, there must be a considerable proportion of the interior of the block or briquette that is 
quite unaffected. It would be ratlier interesting to know what area of the cube or briquette 
was actually affected by the oil. In some cast;s it need not be necessarily affected throughout 
its depth. 

Mr. Perelvai M. Prmaer, A,R.t.B.A., M C.I., in asking whether any volatile oils had been 
under discussion in the paper, stated that petrol in reinforced concrete is so much to the fore 
in these days that a little experiment in connection with the two migtPt’be quite interesting. 

. Mr. Frederick HlageiOB(M. Quantity Surveyors’ Association) thought Mr. Gadd’s paper 
most opportune, because at the present time there are in the market a number of patent 
preparations or compositions which if added to cement are supposed to make it waterproof. 
These patent pre^iarations doubtless include fatty acids. It would be of value to know 
whether the lecturer considers the addition of those materials, that can be seen upon the pages 
ot all the professional journals^ is detrimental to cement and concrete. 

Mr. Q.*C. Workman, in his opening remarks, inquired whether there is any danger in 
mi.\ing soap with the concrete, assuming that it has the beneficial effect of making it water¬ 
tight, as recently shown in the American Presat 

Referring to the whole trend of this paper, he was very pleased to see that it absolutely 
confirms what he has always held to be a rule for concrete engineers to work upon when dealing 
with any of these greases or acids—namely, that it seems, by various tests which have been 
made that mineral oils and greases which are hydro-carbons do not seem to affect the concrete, 
but animal and vegetable oils seem to affect it. Me had always held it as a very broad rule 
that in dealing with concrete which has to contain any animal or vegetable oil,' it is dangerous, 
if the concrete is to resist the effects of mineral oils cold—he had no knowledge about them 
hot. All the information he had been able to gather from tests and reports ^om 
various sources on the subject, and all he had read, seemed to be borne out by Mr. Gadd’s 
experiments, which are certainly of great value, and which, no doubt, will be very useful 
to reinforced concrete si>ecialists in particular, seeing that they axe continually coming into 
contact now with the question of reservoirs and pipes which have to contain fats and acids; 
and, especially with regard to naphtha and various other mineral oils, he was inclined to think 
there was no danger in making the reinforced concrete reservoirs and pipes to restore this 
material, if cold. In spite of all the evidence on the subject, it is very strange to have to 
say that there seems still to be a certain amount of doubt. He had seen small reservoirs filled 
with crude oil, mineral oil, and had been told that that oil had been standing for three 
months without any detrimental effect to the reservoirs. M. Coignel, as a matter of fact, at 
his instigation, has filled pipes to a certain height with mineral oil in order to find if they 
leaked. After several months it was found that the oil is there, and they do not seem to have 
leaked. From information from Baku and various other sources where they seem to be using 
large reservoirs for the storage of naphtha, they seemed all right; but still, if he were asked to 
take the responsibility of it, he did not think he would dare to do it, because there still seems 
to be a certain amount of doubt. 

Mr. Vmwdroy asked at what age concrete was sufficiently indurated to resist the action of 
mineral oil. It appears it does not set after a certain age; at what age did the author consider 
the dangerous period is passed? 

Tko PnaUeat, with reference to the question of waterproofing compounds, had found in 
all cases after three months the crushing strength is gradually reduced. He had only gone 
on now for a period of three years; but it is gqimg down all the time. He was making some 
lurtner experiments with waterproofing compounds guaranteed to increase the strength. But 
there is no doubt about it they may temporarily do good and stop leakage, but in time they 
weaken the concrete so seriously that damage is likely to take placm 

• MR. LAURENCE GAOD’S RERLY. . 

Mr. Oaddt Mr. Butler says many of the test.results ate anomalies, and be drew attentkm 
to the fact that in all cases an average of not more than three is given, This was due to the 
fact that not sufficient time had been available for a larger irumber of test pieces. 
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It was OQt claimed for, the paper that-it was an exhaustive treatment of the subject; but, 
looking at it generally, even the two or three briquettes can be accepted as some indication— 
if not by any means final—of a line of investigation which it is hoped will be carried out by 
other members of the Institute.. 

As to the immersion in tannic acid, it might certainly have been better to have immersed 
water>gauged briquettes in tannic acid. But, as a matter of fact, the particular tests described 
in the paper were not made for the purposes of this paper, but were made with another object 
altogether. It would have been impossible during the time available for the preparation of 
this paper to have given tests of more than a month or two’s duration, so that some tests were 
used which had been made about eighteen months ago for a totally different purpose. 

Mr. Butler’s point about greasing moulds is an excellent one. He also raised one or two 
other questions. He wanted to know how the oil and grease were mixed with the cement or 
with the concrete. The amount of oil was very small; it was one-tenth of the weight of the 
actual dry cement, and was mixed with the dry cement in the first instance. With the harder 
fats, like lard, the lard was slightly warm and the whole was mixed in the mortar with the 
dry cement; it was rubbed into the cement before gauging at all. Then the sand was added 
and the whole mLxed up, and finally it w.as gauged in water in the usual way. 

As to the method of making percolation tests-, slabs of concrete 3 in. thick and 10 in. 
square are taken, and these slabs are put between rubber washers (indiarubber an inch thick), 
and they are squeezed down between two steel plates, those steel plates forming the ffange of 
a cup, more or less, in shape. The steel plate joins on to the rubber. There is one india- 
rubber washer, then the slab and one indiarubber washer below, and the whole is screwed 
down so as to make it tight at the joints. At the top of this cup there is an inlet thfough which 
the water is forced. The water pressure is got by means of a pump and an accumulator, .«o as 
to keep constant pressure on the slab. The other cup is simply perforated at the bottom where 
the water is collected. 

Regarding Mr. Alban Scott’s remarks about percolation of concrete, his experience had 
shown that after a time even concrete which was ixrrous closed up. As the concrete goes on 
indurating, setting, hydrating, the jxires gradually close up, and there is no better way of 
making a concrete waterproof than to force water through it for an hour or two under very 
high pressure. If it is then allowed to dry it becomes almost absolutely waterproof. 

Regarding Mr. Vawdrey’s remarks as to what extent a diminution in the size of the block 
was observed, it was found that the edges were worn; ther^ were no sharp edges; even those 
briquettes which stood a certain amount of strain on the outside were indeterminate in shape. 

Regarding the term “saponification,” it comes from the fact of the decomposition of a 
neutral oil. In speaking of a neutral oil-, it is to be quite understood that the ordinary oils as 
we know them arp not fatty acids; they are compounds of the fatty acids, just in the same way 
as salt is a compound of hydrochloric acid. Tallow in combination with calcium hydrate 
largely consists of a dry stearine; it is a compound in which a portion of the hydrogen of 
the fatty acid is replaced by glycerine radical, and the process of saponification is mereix 
to dissociate the glycerine radical again from the fatty acid. The glycerine is set free, or 
rather the glycerine radical which combines with the element of water; glycerine as we know 
it and the fgtty acid xyhich was formerly in combination with the glycerine radical goes into 
combinatioit with the lime, with the calcium. The reason it is called saponification is because 
in these cases the metallic salts .which are formed from these fatty acids are all soaps, hence 


the term “saponification,” or the production of a soap. 

As to Mr. Workman’s remarks about the waterproofing compounds which are being pushed 
pretty well on the market just trow, the lecturer said he was not interested in waterproof 
compounds either one way or the other, but for his-own information he had examined, 
analysed, and .tested in relalicm to their effect upqn tensile and crushing strength, and on 


srate^roofipg in particular, practically all the waterproofing compounds that are oh the 
marlcH. He. would go so far as to say that they are practically all the same. 

.“iflw Iplk of. .these compounds consists of. hydrate of lime with about 10 per cent, of-lime 
aoap. The! r4|!^n of. this,is ^.is supposed to-be calcium stearate, but owing-to the-crude 

made Uter only get about 10 per cent, of calciutn stearate, 
iteif ti^iy lirae« Ctirnny. be agreed that they-may have some actk^ in stopping up 

'tO'-sayi the lime hy«|rate- 4 )Ut,- a» a -matter 




t-l^ 'it is n detriment, rathe* tban -an assistahch.- The lecturer 
Swe wWpotB^s which": renders concrete-more waterproof than 




NEW GENERAL POST OFFICEi MILAN 


NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heading reliable informailon will be presented of nets tuoiis in coarse of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not ike intention to describe these works in detail, bat rather to indicate their existence 
and Ulastrate their primary feaiares, ai the most explaintng the idea which served as a basis 
for the design.—^. 


THE NEW GENERAL POST OFFICE IN MILAN. 

Althocgh only opened seven years aj*o, the General Post Office of Milan has been 
found quite inadequate for its purjwse, especially since the takinj^ over of the tele¬ 
phone service, and a new building has been conslruckHl recently for the three deiiart- 
menls of Posts, Telej{raphs, and Telephones. This buildin;* iifcorporates a pfirt of the 
former Post Office, and also ewers the site of two xhurches and a number of office.s 
and houses. 

'rhe walls and the vertical skeleton of the new buildini', with the exception of the 
ffround floor columns, are constructed in brickwork set in hydraulic lime, whilst the 










Process of Concreting a Floor. 

Tm« Nbw CBKBkAi. Post Offjce, Milan, Italy. 
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Main Entrance of New Bnildine. 

The New General Post Office. Milan, Italv, 
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floors, beams, terraces, etc., and the ground floor columns, are of reinforced concrete. 
The most important part of the building in this respect is the urban telephone 
exchange, a large hall 105 metres long and 14 metres broad. The roof of this hall is 
a hoJlow floor, carried on arched beams, above which are the pilasters and architraves 
of the attic floor, also in reinforced concrete. The construction of this roof is seen in 
Fig. 3. In order to relieve the outer walls of thrust, two Icmgitudinal girders of 
reinforced concrete are used to take_ the thrust, these again transmitting a purely 
vertical load to the walls. 

The work was carried out rapidly, as much as 60 cubic metres of concrete being 
put in place on a favourable day. Loading tests were carried out on each floor with 
one and a half times the prescribed load, the deflections observ<!d amounting to only 
nrV® of the span, without permanent deformation. The reinforcement is mainly on the 
Vdpi system. The contractors were Galimberti BrcM., and the constructional 
engineer Sr. G. Fcrrini. 

Our illustrations sljow (1) the entrance to the telephone offices; (2) the process 
of concreting a floor; (3) the underside of the roof of the urban telephone exchange 
during the removal of the centering; and (4) the main entrance of the new building. 

In conclusion we would add that we obtained our particulars from an article in 
• he Italian journal II Monitore Tecnico written by the engineer, Mons. Giovanni 
Pizzamiglio, of Milan, and we are indebted to the latter for our illustrations. 

BALLINGDON BRIDGE. SUFFOLK. 

The existing timber bridge over the River Stour between Ballingdun and Su 3 bury has 
recently been demolished and a new bridge constructed in reinforced concrete on the 
Hennebique system, to give the increased accommodation necessary for carrying the 
growing traffic of the district. 

The new bridge is about 112 ft. span between the concrete abutments which have 
been reconstructed, and is supported on four rows of four reinforced jjiles abreast, 
making three spans of about 37 ft., the centre span being slightly larger than the end 
spans. The reinforced concrete piles are 16 in. by 16 in. in cro.s.s-section, the longest 
being 29 ft. and the shortest 17 ft. overall, and they were driven without any difficulty. 

The width of the new bridge between the curbs of the roadway is 26 ft. with a 
5 ft. footpath on either side, midcing a total width betweem parajx'ts of 3() ft., the 
footpath being carried by cantilever brackets £it inter\a!s on the external main be.'ims. 
The main beams of the bridge arc all 10 in. wide, those in the centre bay Ixnng 
1 ft. g in. below the decking level and in the end bays i ft. 6 in., the reinforcement in 
the inner beams of the end bays consisting of six main tension bars iff in. diameter 
and two bars li in. diameter in compression, the shejir members being ij in. by J in. 
hoop steel throughout; the outer main bt^'ams are arranged to project up to pick u|’ 
the footpaths, making a total overall depth of 3 ft. 3 in. Caps jire provided to each 
of the pile heads just abo\'e normal water level, and the horizontal bracings, 15 in. by 
8 in., come immediately above them. The decking is ^ in. thick throughout, the* 
main reinforcement consisting of |[ 4 n. diameter bars straight and curved alternately 
at 6.in. centres at the bottom, with i-in. diameter bars straight at the top spaced 
every 9 in. The secondary beams are 12 in. deep, 6 in. wide, and arc at 5-ft. centres, 
the rdnforoement consisting of two bars i in. diameter with shear members out of 
li-in. by A-in. hoop steel. 

The parapet, which is in reinforced concrete throughout 44 in. thick, is similar to 
that ^ Rod Bridge recently constructed in the district, and was cast in s-ft. lengths 
and afterwsrds fix^ in situ, the coping being moulded oa siime afterwards. 

In ord^ to keep the road open to light traffic, it should be mentioned that the 
bridge, vva? constructed in two halves, a portion of the old bridge being left up until 
structure was open^ when the bid pwtion of the bridge was 
oonipieted, the roadw^ay being finished off with 
, ■ ’ |ii|deiore nnd the. footpaths in grtmolithic. 

■■/L ‘the I^w bridge was tested on 

results, the matumum deflection observable under 
•steamrollers, egefa weighing 16 tons*and''travelling two 
'slightly' over one-sixteenth of an inch. 

.''if* iWorJt ^a$ Mr. AinsVi'orth Hunt, the County Surveyor for 

•«^re Messrs. L. G. Mouchel and Partners, Ltd., 




Cross Section throngh Roadway. 
Ballingdon Bkidge, Suffolk. 




















General View. 

Dallingdon Bridge, Suffolk. 



IfeSSiBsa ^ g ^ reinforced concrete water tower. 

Victoria Street, Westminstw, S.VV., who |M-epared the reinforoed concrete 
detail drivings, and the contiactors were Messrs. Holloway Brothers (London), Ltd,, 
of 19-21 ^Ivedere Road, Lambeth, S.E. 

REINFORCED CONCRETE WATER TOWER AT SCOPWICK. 

The Sleaford Rural District Council have again addl'd to the large number of village 
water supplies, which thej' have provided during the past fiftc<*n vears, within the 
large area comprising their district. 



In course of construction. 

Reinforced Concrete Water Tower, Scopwick, Lincolnshire. 


A scheme for supplying the parishes of Scopwick and Kirkby Green, with 
probable extensions to the pretty village of Blankney and Blankney Hall, one of the 
country seats of Lord Londesborough, who 1 ms contributed one-half of the total cost 
of the works under notice, comprises a orep bore into the Lincolnshire Oolite, 
pumping-station and pipe tracks. ■ . 

With the ejtception of tHe wrought-kon access ladders, the water-tower is con¬ 
structed entirely in reinforced concrete on the Hennebique system, even including the 
pole projecting some f4 ft. above the top of the cupola. , . 

The elevated reservoir consists of a cylindrical chamber, 24 ft. in diameter insifl® 
by II ft. 1 in. high from floor level to the underside of roof, and has a capaa^ of 
27,000 gallons. The outer ihell of the reservoir is 5 in. thick, the txjttom bring of the 

13 ? / 
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^ thickn.s=. Tte.roof U 4 in. thick, cad ic provitW »l.h an ornamental, cornice 
about 2 ft. high, forming a parapet. . . concrete tube of 2 ft. 6 in. diameter 

ineidt alTcaSSra^irntK tpr£5^^^ ncceaa to the root, 

the top. of the opening ground level by a tower of 



Camidetfl Stroctni^. 

ReOIfo«ckd Coscbbtb WkTBK Towbr. Scopwick. Lincolmbhiri;. 

htidtibtt tbwewith. , . , with the bottom framework of the 

..At ttiAi upper ertd the columns are connected witn . — ... Hrackets 

i. rendered' J In. thick in' Wo coaU 61 cement 


CONCRETE BUILDINGS. 



t* u compound, and when under test the construction tvas found 

to be perfectly watCTtight. On the pole fixed at the top of .the cupola is a spherical 
aiance weij^t, which^ will act as a water-level indicator, being attached to a coppei" 
oat inside the reser\’oir, thus showing to the engineer at tbe pumping station—situate 
the valley of the Scopwick Beck—the depth of the water in tank, 
n f ™ carried out under the personal supervision of Mr. 

the engineer and surveyor to the Sleaford Rural District Council. 
Ihe reinforcing steel was supplied by the? Whitehead Ircm and Steel Co., Ltd., of 
Tredegar; the aggregate for the concrete by the Groby Granite Co., Ltd. The pumping 
Nation and pipe? tracks were constructed by Me.ssrs. W. Pattinson, Contractors, 
Kuskington and London; the machinery for the station was supplied by Messrs. R. 
Hornsby and .Sons, Ltd., Grantham ; and the water-tower was constructed bj' the 
l.ivcrpool F<Tro-Concrete Contracting Co., of Liverpool. 

ST. MARY'S PRESBYTERY, STOCKTON-ON.JEES. 

1 Ills building was erected entirelv of concrete stone and pitched-faced blockers and 
plain quoins, and consists of three floors, the ground floor having a large dining-rcMim 




St. Mary's Presbytery, Stockton on-Tess. 


24 ft. by 14 ft., study, waiting-room, central hall, and a large kitchen with the usual 
offices; the first floor has two studies, with bedrooms, bathroom, etc.; the second 
floor has four large bedrooms. 

The roof is covered with green Wesitmorland slates, and, with the buff-coloured 
concrete stone, forms a very pleasing effect. ^ 

The total cost of the building was ;^i,25o, and it was erected to the orjjler of the 
Rev. Father Taylorson, of Stockton-op-Tecs. 

The school adjoining the presbytery was erected ab<wt five years ago, and was 
also built of concrete blocks, and a novel feature of this building is that the playgroundj 


is on the roof. * _ __ 

PAGODA AT WYNYARD PARK. . ^ 

This pagoda was erected in Wynyard Park for the Right Honourable the Marquis oi 
Londonderry, and was constructed entirely of concrete stone, having bases, oedumns 
with Corinthian capitals, cornice, etc., and in between the columns are rod^-face 

* 3 « 
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blocks, while the inside is panelled work with plain ashlar facings. The ceiling also 
is drcular panelled, and is supported on concrete beams. The roof is marbled with 
W'hite marbled chippings. 

The floor, doors, etc,, are all made of oak grown on the Wynyard Estate. The 



I^U^ngs was sui^plied by Stockton Stone and 
Stc^ton-on-Tees, and t|je blockers, etc., were 

5 ,1, __ design^ aind erected under, the supervision of the estate 

tlu^spn, pf Stockton^n-Tees. 
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NEW BOOKS 

AT HOME AND ABROAD. 

A short sammsry of some of the leading books Vfhich have appeared during the last fev) months. 


"Streat Pavemants and Paving Materials.” 

Bt George W. Tlllson, C.E. 

London; Chapman & Hall, Ltd. New York: John 

Wiley & Sons. Price 17a. net. &Slpp.-f xvii. 

In his preface the author stales that an 
active participation in the construction of 
municipal public works, particularly of 
pavements, durinjf the past twenty years 
has seemed to justify him in producing 
’this book in order to show the evolution 
tif the modern city street. 

With this in view ho has given the 
reader in a concise form a history of road 
construction, and has presented in an 
interesting way the results of his own 
experience in the formation of roads. 

The historic portion of the book may 
be useful as a reference, but will not be 
much consulted by the engineer. Chapter 
IV., dealing with Brick-Clays and the 
Manufacture of Paving Brick, will not 
interest the British engineer, who discon¬ 
tinued the use of paving bricks some 
years ago as they wore found to be un¬ 
suitable for the requirements in our 
cities. Too much space has been given 
to the composition of the various rocks 
and asphaltes, while the chapters on 
“Cement, Cement Mortar, and Concrete” 
and “ Concrete Pavements ” are most 
useful and contain a great deal of valu¬ 
able information. It is impossible, how¬ 
ever, in two chapters to do justice to these 
subjects—^the author has really attempted 
too much; we think he might well, for 
example, have omitted the discussion on 
“ The Effect of Salt Water on Cement 
Mortar,” as one would never dream of 
using this in connection with concrete for 
road-making purposes. If “ Harbour or 
Hock Construction ” had been the title of 
the book a discussion of the subject would 
have been appropriate. The definitions of 
“ lime ” and “ cement,” a description of 
early cements, and the consumption of 
cement in the United States might have 
been qipitted and the space saved devoted 
to a fuller description of-the more prac¬ 
tical subjects, such as the ” Effect of 
Frost on Mortar ” and ” Hand versus 
Machine-mixed Concrete.” 

Mr. Tillson, in dealing with the im¬ 
portant subject of concrete pavements, 
describes the American practice in this 
respect; this description would have been 


much more interesting had lie inserted a 
few cross-sections through concrete roads 
and an occasional photograph showing 
the various methods of construction; his 
Standard Sjjecificatioin.s for Cement .ire 
those adopted in 1909 by tlie American 
Swiety for Testing Materials, and are 
slightly difftn-ent from the British Stan¬ 
dard (?ement S]x?cifcation. 

He quotes too much from trade circulars 
and specifications in dealing with concrete 
pavements, and does not go so fully into 
the merits of concrete as this material 
justifies, neither does he in-sert any illu.s- 
trations sliovving concrete roads in 
America. Surely those of New York 
City, Atchison (Kas.), Eldora (Iowa), 
Greenville (Illinois), California, and other 
places might have been referred to. 

However, the book is a useful contri¬ 
bution on an important subject. It contains 
much valuable information put in a crisp 
manner and to the point, and is a most 
desirable book of reference for every 
municipal engineer’s office, and should be 
in the hands of every road-mjiker, be he 
contractor or engineer. 

7 'here is_ much that one has not Ihx'ji 
able to review, there being such a wealth 
of material in the book that ba.s to be 
passed by. However, the reader is bound 
to come to the conclusion that the use of 
concrete in road construction has un¬ 
doubtedly tome to stay, and will become 
more and more general. 

'* A T«art*Booii ea Beads sad Pavsissats." 

By Prof. Frodorldt P. Spsldlag. 

Loirion: Chapman & Hall, Ltd. New York: John 

Wiley & Sons. Price 8/6 net. 4d8pD. 

The aim of the author of this bopk is 
twofold—to discuss the principles involved 
in highway work, and to oujtline the more 
important systems of ccmstruction. 

He _ is wise in omitting numerous 
statistics, which are ndt only uninterest¬ 
ing to the reader, but add to the ,cost of 
f^^oductk^n of the book, and .he has very 
fittingly devoted oonsiderable s^ce to the 
methods of construction of country roads, 
which in these days when rapid vehicles 
are using ail our roads, whether rurql or 
town, make the oonstructl<m of the 
country road of as much importance as 
that of the town. 
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The book has been written so that it 
may be understood by those whose know- 
ledge of road construction is extremely 
limited, and it is easy to realise that the 
author is used to presenting knowledge in 
such a form that the engineering student 
may be able to follow him. 

While much that appears in the book 
is quite elementary to the road-maker— 
engineer or contractor—there is every¬ 
thing to indicate that the author under¬ 
stands his text. 

The book is in its fourth edition, and 
should be obtained by all interested in 
modern road construct^n. 

The chapter on Concrete Pavements 
deals with roads constructed of concrete. 
The author here deals with such important 
points as the mixing and laying of the 
concrete, its consistency, the thickness of 
concrete necessary, placing of expansion 
joints, the finishing of the road- .surface, 
the quality and strength of the Portland 
rt'mcnt U‘^, and many odier important , 
points. The chapter is weak, however, 
in that there is not a single illustration to 
assist the reader. What the author has 
to say is put in a clear and readable form. 
Chapter 1 . on “ Road Eccmomics and 
Management ” is an admirable one for 
the student, while that dealing with the 
“ Drainage of Roads and Streets,” and 
the chapters on ” Road (.'onstruction,” 
while they represent American practice, 
are different from our English methods. 

The chapter on ‘‘ Bituminous Macadam 
Roads” i.s. very interesting and in.stiuc- 
tive. Brick pavements occupy a long 
chapter, but will not interest the British 
engineer. 

The btx)k is an excellent one, written 
in a language which makes the subject 
perfectly clear, and by one who knows 
what he is talking about; the type is 
good, the few illustrations are clear, but 
in our opinion the book would have been 
more valuable had the author included 
many more illustrations, especially in 
those parts of the book which deal with 
modwn types of construction, such as 
concrete pavements. 
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lar Issued by the French Ministry of 
Public Works—Draft Regulations bv 
the Commission—The Experimentjd 
Work of the Commission—The Re¬ 
port and l>raft Regulations of the 
Experimental Work—Some Conclu¬ 
sions of the Commis-sion—Notes Pre¬ 
sented by M. Considfere—.\ppendlx. 

The French Commission was appointed 
by the Minister of Public Works in 
December, 1900, and it consisted of a body 
of engineers who had excellent exf>erienco 
in reinforced concrete work, and tl>e re- 
jx>rts are therefore o>f great interest and 
value, esf:)ecially tho.se dealing with • the 
(‘xperimenta! work. 

The work extended over a pericxl of six 
years, and is of a very complete character, 
the <Aject being to obtain results imme- 
cKalely applicable to practice rather than 
the solution of fine points in thwry. The 
tests are ptirticularly u.seful, «s they in¬ 
clude the tests h> destruction of several of 
the structures of the Paris Exhibition of 
1900, and there is v<'ry little evidetue of 
experimental re.search in this countrv, 
although (theoretical matter is becoming 
more or less plentiful. Scweral kirts were 
established by the Commissi(;-n as the re¬ 
sults of their experim<*nts, some of the 
points considtred being contraction during 
setting and hardening, daslicity, ductility, 
tlio value of sjjiral reinforicment, she.'ir 
and torsion flexion; and th(‘ d^'signer 
of reinforced concrete should find the de¬ 
cisions j)ut forward botli inleresling and 
in.slructive. 

1 'he notes presented by M. (smsidere 
are extremely interesting, as they refer to 
the methods of making the tests and 
obser\',ntions that wen* maiie during 
Siime wKj) explanatory’ and instructive 
remarks. 

The theoretical jwtioni of the volume 
is also good, and the diagrams through¬ 
out are clear and well drawn. 


* Building Construction (Advnneed and 
Honours Courso).” ByChss. F. Mltchsll. 
M.8.A., ste. 


London: B, T. Batefoid, 94 High Holborn !MOpp.+ 
viii, price 6/-. 

Confenfs.—Limes and Cements—Concrete 
—Asphalt — Plasitering — Stones— 
Bricks—^Tiles, Terra-cotta and Stone¬ 
ware—Iron and Steel—Timber- 

Paints and Varnishes—^Glass—Foun¬ 
dations — Brickwork — Flues, Fire¬ 

places and Tall Chimneys—Masonry 
—Carpentry—Half-rimbered Work-^ 
Pillars, Colunwiis and Stanchions— 
Graphic Statics—Girders—Fire Re- 




NEW BOOKS, 


sisting Construction—Reinforced or 
Ferro-Concrete — Roofs and Roof 
Coverings — Joinery — Stairs and 
Handrails—Sanitation, Water Supply 
—Hot Water Apparatus and Ventila¬ 
tion'—Electric Bells and Lighting— 
Exercises—Appendix and Examina¬ 
tion Papers. 

This- is the seventh edition of what is 
probably the most popular book on build¬ 
ing construction in this country, forming 
as it dix\s the text-book in many techmical 
schools where the* subject is taught. It 
contains about eight hundrtxi illusti-ations, 
>arwl covers practically the whole subject 
■of construction in si manner designed to 
meet the rcquirememts of students. 
.Mthough an excellent book, we feel th;it 
there aro some points which should bi' 
drawn to the notice of the author, as, for 
example, the diagram shown in the illas- 
tration No.* 134, fKige 278, where the txvn- 
erete under an i8-in. wall is only figured 
3 ft. wide. ITiis should bo the width of the 
footings, ;i'nd the concrete should Im» 4 ft. 
Such an error is calculaK'd to cause th<‘ 
unwary student some trouble if the dia¬ 
gram should be drawn as shown, ixmi- 
moncing with the concrete* and working 
upwards, when the wall will work out to 
6 in. thick only. The method of finding 
the depth of conc're'te under walls deseribc'd 
on page 260 and illustrated on page 261 is 
not g'(x>d, as it gives an exc<‘ss not rc- 
quirt'd. A better m<'lh[>d is to let the 
line at 45° from the top of the kx)tings 
intersert a vertical line drawn from tht* 
opposite extreme projection of the f(x>f- 
ings. I'his method will give results more 
in accordanc<- with those obtained by 
calculation. The grillage foundation illus¬ 
trated on page 267 is obsolete, and no 
distance pieirs, stiffent-rs or bolts are 
shown or mentioned. I'he chapter on fire- 
resisting construction might with great 
advantage be revised and amplified to 
bring same more in accordance with 
modern methods, es-pecinlly in view of the 


great importance of this class of work. 
The concrete and steel floor illustrated 
in Fig. 395, page 581, is quite unsatis¬ 
factory, the filling in joists being inade¬ 
quate for the spjui mentioned and the con- 
erete not being thick enough. The floi>r 
illustraUnl in Fig. 396 nmsists of ste<*I 
troughs earrit'd by plate girders, and th<‘ 
author suggests that the space under th<* 
troughs can be utilised for pij>es or even 
vtmtilating purposes, but evi^mtly over¬ 
looks the fact that to do this the webs of 
the plate girders would Ivwe to bo cut 
♦'iw,ay in such manner as to seriously 
w<'aken them. 'ITm* chapter devoted to 
reinforced roncroie lias rightly been ex- 
tenided, jmd .should bt' suflicimt to give the 
student an idea of the use and value of 
this material. We are sorry to se<‘, how- 
»‘ver, that the portion dewoted to concrete 
is not mor<> complete. Machine mixing 
is simply mentioned as an iilternative to 
hand mixing, but no description is given, 
and no diagram or illustration of any of 
the W'C'll-known mixers ap|>ears, and this 
must lx* consider'd as a serious omisskwi, 
as they fire usexi on jiractically all impor¬ 
tant work. Tlie iwrtions devotexl to 
graphic statics and calculations for pilkirs 
and girders oce-upy a considerable sjkux' in 
the* volume, but the‘y fire very vague in 
many instances, and wo diiubt the ability 
of many students to follow the; authexr e>r 
profit by the study of the-se* chfipttrs suffi¬ 
ciently to justify the large amount of time 
it would involve. If the author and his 
assistfints weuild devote their attention to 
perfecting the; work lei comply with 
modern practice and dele'te* many of the* 
diagrams and much of the text which d<*al 
with more^ e>r less obsoik’ie melhexLs, there 
is* no doubt that the effect would be the 
production of an fdmost perfect volume 
defiling with the very large subject of 
building construction. These remarks 
are merely given fis the eiutcome of an 
honest criticism and a di*sire to assist the 
author. 
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ffroUSTRIAL NOTES. 

These pages have been reserved for ihe presentaHon of articles and notes on prcpnearg 
tnaiertaHs or ^sterns of consiracHon put forvard firms Interested in their /plication. WM 
tne advent of methods of construction requiring considerable skill in design and supervision, 
many firms nowadays command ihe services of specialists whose views merit most careful 
station. In these columns such views will often be presented in favour of different 
specialities. They must be read as ex parte statements—with which this foumal is in no way 
associated, either for or against—but we would commend them to our reaikrs as arguments by 
parties who are as a rule thoroughly conversant with the particular industry with which they 
are associated. —ED. 


SEPARATORS. 

, (System Von Grueber.) • 

Whenever it becomes necessary for users of crushing and grinding machinery to in¬ 
sider new installations or additions to existing arrangements, the question of an 
eflkient method of separation is one of several problems requiring careful coiiisideration. 

First, the system must be detuded. Screen-type or air (pneumatic); secondly, 
which of the two tyi>es of design will best suit tb«i particular material and circum¬ 
stances of the user. 

.\s most practical people know from experience one type or design of separator 
will be the greatest success on one particular material; whereas, on the other hand, 
it will turn out an utter failure on a different.class of product. The present article 
deals with the separators of Messrs. C. von Grueber, 31-33 High Holborn, London, 
W.C., who are extensive manufacturers of the Screen and Air type separators (under 
several accepted designs). 

The Screen Type of Separetor .—'rhis firm can offer a separator designed to 
have screens supported or carried by .springs or rods, and to which motion is imparted 
by tappets, cams, cranks or eccentrics. Certain materials require a combined sliding 
and shaking action, others merely a tapping motion; while there arc materials upon 
which it is necessary to operate by a rocking screen sometimes combined with tappets. 

A feeding screw arranged within a specially designed case is always employed for 
equally distributing the material along the full width of the screen, and a simple device 
is utilised for regulating the flow along and down the screen. > 

ITie screens are carried in a strong steel casing, provided with inspection doors 
for the feed screw and the screen mesliing, while the whole front and back of the 
ca.sing may be opened on hinges whenever it is necessary to remove the screen for 
cleaning purposes or to' rctww the meshing, the sitriation of tlic separator deciding 
whether it is more convenient to use the front or back oi>ening. 

Any number of screens may be fixed in the casing according to the various samples 
desired, but usually the separator is provided with a guard screen ui addition to the 
finishing screen. This arrangement relieves the finer screen from contact with a great 
proportion of the bulk passing through the machine which has no possible chance of 
passing through the meshing of the bottom screen. 

Of course, a certain amount of the i-in. and less product must be allowed to pass 
the guard screen to the finishing screen, for the purpose of “ scouring ” the finer 
meshing—that is, to keep the holes of the mes'hing free and unobstructed; but the 
additional effect is obtained of assisting the fine product through the fine meshing, 
thereby reducing to a rninimum the possibility of any finished product passing out with 
the tailings or residue. 

We think one, if rwi the leading feature, of the separator here under review is the 
fact that the body or casing of the ntaclftne need never be altered in positiem once it is 
“kikAt because the angularity, and consequently the fineness of the finished product, 
b«i iOS!tan%« fixing the position Oif the finishing screen from the 

To tu^tkal auch an arrangement will be self-evident, inasmuch as it does 

fhe neo^l^ of kfl^ipg the connection of the chutes leading to and from 
«hich it is impossible to obviate if the casing must be moved up 
r legit,to change the fitMmess of the finished product. 






SEPARATORS. 


It is claimed that the screen separator is a great advance upon the revolving, flat, 
or ordinary faking sieve or dressing machine, because with the former type a very 
coarse meshing is only necessaty to obtain a relatively fine proiduct; for instancei 
suppo^ a finished sample is required, 8o per cent, of which must pass the loo by loo 
test sieve (10,000 holes per sq. in.), then it is only necessary to use meshing having 
about 34 by 34 holes per sq. in. 

Again, by using coarse meshing the wire from which it is woven is proportionately 
increased in diameter and strength, thereby ensuring increased life and less cost for 
the upkeep of the meshing. 

The coarse meshing also ensures an increased output of finished product, fron^ 
the fact that the difficulty of the clogging of the mesh is largely removed. * 

The residue makes exit from the bottom edge of the machine through an opening 
extending the full width of the screen and usually delivering to a store-bin over the 
grinding mill; while the finished product gravitates down the bottom of the casing to 
’ an‘opening under which is fixed a conveyor for transporting the fine material to any 
desired point of delivery. 

ITsually the conveyor is a main line of transit to the stores or silos, but in special 
cases a short conveyor is combined with the separator and is driven from the shaft of 
the feeding screw. 

.‘V pulley at the opposite end of the feed screw drives the machine and all the 
o|R>rating gear and mechanism. 

The s^een se])arators are made in several sizes to correspond with a given output 
or capacity, find the horse-power required is J for the smallest machine up to 3 h.p. 
for the largest size. • 

In many cases—jjarticularly where an exceedingly fine and “ floury ” product is 
required—it is impossible to use the “ Screen ” type of separator, and under these 
circumstances the “ Air ” or pneumatic type of separator must be requisitioned. 

“A/r” or Paeamatic Separators.—These machines are made in sizes ranging 
from 3 ft. 6 in. to 10 ft. diameter, and requiring from 4 to 6 h.p. for driving purposes 
according to size. 

In conclusion, we may be allowed to point out that Messrs. C. von Grueber are 
sole manufacturers in Europe of the well-known “ Maxecon ” ring and roll grinding 
mill; and, in addition, the firm al.so make and supply all types of cru.shers, elevators, 
conveyors, automatic feeders, dust collectors, rotary screens, etc. 

They also undertake to act as engineers for th<> re-construction of existing or the 
siqiply of new sulphuric acid plants, designed upon the latest and up-to-date Con¬ 
tinental systems. 

The Maxecon mills, intended for usr; in Great Britain and Ireland and the 
Colonies, are manufactured in England from the best English materials. 
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MmomidM and ffpos Items are presented under this heading, naith occasional editorial 
'comment, Aaffientic nems will be mlcome.—ED, 


kepaMag St. P«o/’«.—The work of repairing the cracks in St. Paul’s Cathedral 
has been commenced. ITie method employed will be cement grouting. A thin liquid 
of cement is forced into the cracks by means of a special machine, worked by com¬ 
pressed air and so forming a solid weld between the two sides of the crack. This 
process proved very successful in the repairing of Winchester Cathedral. c 

Ralatoned Coacnte la tbe Peotectloa agalast Uoatlle Aircraft at the New 
Naval Magaziaes, Portsmouth. — The neiu naval magazines for the storage of high 
explosives at Portsmouth are being most effectively protected against hostile aircraft. 
They are situated at Bedtaiham and consist of a number of sunken reinforced concrete 
chambCTS completely covered so as to keep their identity hidden from above. 

A reinforced concrete pier is also being built for the use of small craft only, and 
a network of rails will enable the explosives to be conveyed direct to the magazines. 

Parlticatlott of Water Supply, Aberdeea, —In connection with the purification 
of the city’s water supply tbe Water Committee recently decided that the reservoir of 
Mannofieid and Cattofield be covered with reinforced concrete. 


improvemeuts at Havre, France, —In connection with the harbour improvements 
ai Havre it is reported in The Times Engineering Supplement, that the existing 
south^ jetty is to be greatly extended. This extension is to be in two parts, one 
comprises a section of 1,445 constituted by a number of reinforced concrete 

caissons measuring 25 m. in length, 6 m. in width, and 575 m. in height, and the 
other 1,700 m. long formed with similar caissons in length and width, but 6 m. high. 

Reinforced Concrete for Coal Tips.— In order to meet the growing demand for 
shipwnt and to avoid -the necessity for dock extension at present, the Barry 
j ‘ five new coal tips on tbe south-western side of No. 1 

dpek. The supports to these tips are to be in reinforced concrete. In the older tips 
wooden supports were used, but it has been considered that, owing to the reduced cost 
in maintenance, reinforced concrete would prove more suitable. 

Menioa Pier Scheme, Pembrokeshire.-Mtet careful consideration and dis- 
cussion, and upon the advice of their engineer, the Committee appointed for the 
Merewn Pier and Baths scheme recommended the Pembroke Urban District Council 
that it would be desirable to have the entire pier constructed from end to end in 
remforced compete, and, subject to the sanction of tbe Local Government Board it 

^ accepted, as also the tender for 
substituting feliiforced concrete for repairs to the existing pier. 

^ fpt WPrkleg.4dasa Housing.— In a paper read 

meeting of Western and South-Western Distrktfof the 
, Of ;^u(^pblEngme^S bt Exeter some time ago, Mr. Wyand gave some particulars 

dwellings which is under c^deratioA. The proposed 
Mnldull^ IS to be eraeted in Mitf» KaA fin a csfea’ __] A.. 1 












V 


MBMOtiANDA. 


. Tabiea oi Reinforced Concrete. —It is reported in the Tonindustrie Zeitung that 
a manufacturing firm had recently made an experiment in using reinfiSi'oed concrete 
_ workshop tables in place of cast iron ones. These tables have proved more economical 
to make, and they cc i be madfe very much quicker than the iron ones. 

; The latter cost about 420 marks to make, and delivery could <Hily be made at 
'between three and four weeks when single orders were placed. On tte other hand, 
ti c reinforced concrete tables can be made at a cost of about 180 marks, attd three 
tables can be turned out in a week ready for use. 

The top of the table is reinforced with an angle iron framework, and the ten legs, 
which each table has, are also reinforced and joined to the table top by T-irons. The 
tensile stress is taken up by six 16 mm. round iron bars which are joined to the 
framework. In order to protect the edges of the table a narrow angle iron, 30 mm. 
by 4S mm., lias been put round same. 

. The cement mixture consists of Portland cement and unsifted, but not too coar.-w, 
gravel in the proportions of 1:4, and the top surface of the table consists of one of 
Portland cement and two of sand. 

Before setting, granite and fine basalt are beaten into the top, which is then 
covered with neat cement. After propiT hardening the table top is smoothly and 
evenly rubbed down. 

The tables stood a test weight of 5 tons without being damaged in any way, an.d 
even heavier pieces of work did not harm them. 

--lA The Society of Engineers’ Status Prize.— The Council of the Society of 
Engineers (Incorporated) may award in *913 a premium of books or instruments to 
the value of ;^io los., for an approved essay on “ A scheme for the registration of 
Engineers, including particulars concerning the registration of Engineers in British 
Colonies and foreign countries. ” The Council reserve the right to withhold the premium 
if the <*s-says received are not of a sufficient standard of merit. The competition is open 
to all, but, before entering, application for detailed particulars should be made to the 
Secretary, 17, Victoria Street, Westminster. The last date for receiving essays is 
.May 31st, 1913. 

Concrete Rockwork at the Zoological Gardens. — The improvements at the 
Zoological Gardens, which are the outcome of a gift to the Zoological Society by 
Mr. J. Newton Mappin, bead of the firm of Messrs. Mappin and Webb, are to comprise 
a number of terraces and rockwork, which latter is to be constructed of steel and 
ccncrete, and we hope in a future issue to give some further details of this work. 

Large Reinforced Concrete Cotton Warehouses In U.S.A, — The Galveston 
Cotton Compress and M'arehouse Co. are about to erect a reinforced concrete cotton 
press and warehouses to cover an area of nine acres at a cost of approximately 
;^82 ,ooo. Some of the work is to be completed by July ist next. 

Locomotive Coaling Station. —A locomotive coaling station of reinforced concrete 
of 2,(KK) tons capacity, spanning seven tracks, has recently been completed at the 
Green Street yard of the Philadelphia and Reading Railway, at Philadelphia, in 
connection with track elevation work in and about the city. 

The building is supported on seven rows of five columns each, and one end walk 
transversely, the rows of columns being placed parallel to outer lines of tracks. The 
ficKx* of the pockets is of sufficient height above the top of rail to permit the largest 
engines to take on coal and dump ashes. The framewewk of the building is of 
structural steel and the walls, partitions, and floors of coal pockets are of reinforced 
concrete. The building is divided into twelve pockets equipped with two coal chutes 
each, and machinery for handling 100 tons of coal per hour. The ash handling 
niachinery has a capacity of 250 yds. per ten-hour day. 

Coal is dumped from cars into a hopper located below the track at the j^est end of 
the building, from which it is elevated and distributed to the pockets' by machinery 
installed by the Link Belt Co., contractor for the station.-rRatlWitiy Engineering* 

San Pranelaco Stcfloa.—H.M. Consul-General at San Francisco r^exts to'the 
Board of Trade that,* according to the local Press,, the Southern Padfle l^ttway Da. ’ 
iropose to spend nearly 1,000,000 dots, (about ^^405,500) on a new termini s^tion at 
.San Franoisco. The new station will be two Storeys higli and built of i^infdrced 
concrete with a tiled roof .—Contract Journed. 
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now being pr«i«^ f ^Tbe seiet of the process consists in grinding 

showing an equally fine .. -ement. The mixture, one cement to as high 

aggregates to as fine a sufficient to pack well when pressed in 

MS twelve of aggregate, '® / pressure in strong iron molds, up to 5 ,(^ 

the hand. It is then subject^ to hig» ^sure 8 ^ 

Ibfpar sq. 1 ». The 1 «. are ■ Atter'each stroke the 

thick. The pressure ®PP}^_.‘" he air to escape. After each stroke the pressure 

pressure plate i^emov^ to permu^^^^^^ ^he same fineness as the 

Is increased. The object of ,tonp which always takes place where 

cement is to prevent formmg an ar^m^th^^^^^ he pressure 

high pressure and coarse aggreg . . gtrLg^h of the aggregates, the aggregates 
applied to the concrete leaving powdered contact points which ^ 

^Sl grind at the ^°«tacM>oint m tl^ Srov^reoL by using a fine powdered 

weaken the ZJ *hffSh oressure^and aiarse aggregates are ‘^onsi^ent 

aggregate. It will be seen tha ^ ^ however be used where the mould producc\ 
for fine work. Coarse ^ggrega^s pressure applied is below the crushing strength 

forms in the shape of an arch, ^ nnctice to use high pressure m moulding 

of the aggregates. It is pf the danger of the arching of the 

^""'"'spe^^erntfoa for ^fS’Xy’irg^'harr finish 

F-mfeh io be mixed one pnrt ■>( e™«"‘ '** andfrom whiS, the line dust 
gravd screening, wh^ wtli pa^ S^^ugUy mixed in a mixing box or by a marine 
has-been removed. This is to oe inurouj,. j ,_„x5 Up,. ppf a sloppy consistcncj , 
mixer, with an amount of water to the under-concrete has had 

spread on the t^a true level and then lightly trowelled with 

time to set, floated with a woi^cn t ® ‘ er j^vel and to smooth the top 

a steel trowel as ^n as POf^ ^It will not be dead smooth or slick 

slightly. This will give a finish which is peoDij. 

like a sand finish. , , x sufficiently so that the covering 

After the finish has be» m™;oiW nnd tas ^ ^^hs, or any 

wiii not mar on it continuousiy. In building r«nf«crd 

Other maiterial which will hold wat^ c sawdust blowing about the 

concrete work, dimculty »■« Stttog tn the w^- I" ’'"‘^8 

work, miing the forms, nnd ^ ' mill there are usually 

Ss'p'rnJureiianeous w„k on .be tc, of 
the ^ *”‘’’’L'’']J 7 ,‘|j^ 2 u'!r!l^-ThI UK orconcrete in F-ining may “tended to 

deteriorates rapidly where exposea to me , overcome, little timbering would 

tf timbering k. entries. Jf this we^mg Muld le ovet^e, ‘ ^ j, 
be necessm?. Ti^ hM been .tone by the »e^|^ 

of France, by Unmg their mixture requires fifteen days to set. The rein- 

boito oeinmt and solaced 32 in. apart, and further strengthened 

foroem^ Mpnsists of 4-«Vh ^ anart Not onlv does this meth^ reduce 

in houtlnrdne, .0 Ms of r^tj 
^ qe^ of-wb«^ lighting is g^, as the walls are light 

- «■• t* ^dmtoingTVtrdyed by a runaway 


m Soithig^ - A paper read by W. D. 

SngiS^ Society sets fopth some interesting and 
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important data on the temperature of concrete during setting. Tests were made 
during work on Des Moines river concrete bridge. The observations w^e^made in 
various' parts of piers and abutments composed of i: 3 : 6 concrete, with thermometers 
placed in pipes set in concrete. Tlie pmnts where readings were taken were from 
3 to 10 ft. from surface and face of concrete. The temperatures recorded ^low an 
Increase of 15 degrees to 20 degrees Fahr. above temi>eratur€ at time, of pouring, in 
the concrete mass during setting, the maximum being reached in seven to ten days 
after pouring. Then the temperature falls, the rate dejxaiding on outside temperature. 
This risk in temperature was shown to be substantially the same, regardless of outside 
temperature, some of the tests being made in freezing weather and others during 
summer.— The Concrete Age. 

DI$mdvaaUige» of a Hardwood Floor over Coacrete. — In speaking of the 
disadvantages of a hardwood floor over concrete, I^nard C. Wason, president of the 
• Aiberthaw Construction Co., Boston, remarked that besides the cost there is the added 
dead-w’eight of the screeds, cinder fill, under floor, and upper fldbr. Dead-weight add.s 
to the cost of the sujxporting construction of th^ foundations and adds other cost 
besides that of the floor itself. 

Tar aad Cemeat Pavemeats la Oennaoj'.—Experiments have been made in 
Bremen and elsewhere with a street pavement composed principally of tar and cement, 
and which is called “ lerbacca.” 

A lest •section at the Oldenburg freight station shows, after two years of heovv 
traffic, but little surface wear and no cracks, although laid on filled ground. 

The tar-cenwnt ixivement is laid on ab^xiof 5 in. to6 in. of concrete, or over broken 
stones slicked with cement mortar, say about 2 in. or 3 in. for ordinary streets, | in. 
to in. for foot pavements, and in, to 2 in. for courts. The mixture is made up 
of ninety volumes of hard, broken stone of three different sizes, ten of gravel and sand, 
and forty to sixty of Portland cement, mixed dry, then 10 per cent, of water is added, 
and at leasit five parts of coal tar, thinned down with a solvent. The tar-cement 
mixture is laid on much more quickly than required finally, and tamped down with 
a 6-lb, rammer to the required thickness. Where grades are unusually steep more 
cement is used than on levels. 

To prevent the formation of tracks, it is sufficient in ordinary climates to leave 
openings of f in. every 40 ft., filling these w'ith asphalt. 

In Gothenburg, Swtxlen, and on the Kaiserstrasse in Hagen, Wesphalia, this 
pavement has done well; and in the latter city the tar-cement covering is only 7 cm. 
(178 in.) thick, but a week after its laying it is run over by a steam roller without 
showing any signs of ill-usage. Here the grade is i’6o. 

In the matter of impermeability, after subjecting plates i cm. to 2 cm. (0*394 in, 
to 0*788 in.) thick to water columns in glass pipes 2 m. to 2^ m. (5*56 ft. to 8*2 ft.) 
long for six weeks, the under sides of the plates were not wet.— The Contract Record. 

A Coacrete Scow .—A r’einforced concrete scow for towing purposes on the lake 
has been built in Michigan City, Ind., says the Concrete Age. The craft will have a 
carrying capacity of 25 tons, and will be 14 ft. by 40 ft. by 3 ft. 6 in. The walls will 
be 3 in. and strongly reinforced. Only the deck plankings and fenders will be of wood. 
The life of a concrete scow will be much longer than that of a wooden one,.and the 
roncrete will stand a greater shock than a 6-in. timber, 

Coacrete Floors tor Foaadrles,—A number of experiments have recently been 
made which sihow that if iron borings are used in place of a portion of the gravel 
mixed in concrete, floors of this material can be successfully us^ in certain portions 
of foundries. Many foundrymen are interested in the use of concrete floors, but have 
generally found them unsatisfactory because molten iron will not lie on concrete on 
account of its porous, and, therefore, gener^flly moist condition. The mixture recom¬ 
mended consists of one part cement,' three parts sand, four parts gravel, and one 
part of iron borings. It is stated that floex's made from this mixture are perfectly safe. 

A Relatoreed Coaenta Off he aad Factory BaUdlag,-—An interesting example 
i»f the adaptability of reinforced concrete, for an office and fectory building, is that 
afforded by the recently erected structure of the Gillette' Safety Razor COi of Canada^ 
Ltd., Montreal, P.Q. i . . . . . . , 

The structure contains about 50,000 sq. ft. of floor surface, its outHne bdng 
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irregular. The longer sides are 122 ft. and 105 ft., while the building is five stories 
high with basement. 

The suitability of reinforced concrete to architectural treatment is here well 
illustrated. On all exterior concrete above the belt course, a smooth surface was 
obtained by rubbing with carborundum blocks, while below this point the concrete 
was bush-hammered. 

The flat slab or girderless floor system of construction was used in this building, 
thereby eliminating beams, which tend to cut down the headroom, obstruct the light, 
and gather dust and prevent the satisfactory operation of automatic sprinklers, with 
which this building is entirely equipped. The column spacing is 20 ft. by 16 ft. 10 in. 

The reinforced concrete floor slab for the first floor is gi in., but the other floors 
are 8^ in. thick. The finished floor in each case is a i-in. maple top on 3 in. by 4 in. 
screeds, 16 in, on centres, embedded in 3 in. of cinder fill. The height of stories is 
II ft. 6 in. from floor to floor. 

This building was designed by Lockwood Greene and C?b., Boston, Mass., and 
the general contractors were the Atlas Construction Co., of Montreal. 

Recent Reinforced Concrete Works in Alexandria,— Ovk attention has been 
called to the fact that the reinforced concrete pontoons illustrated in the above article 
in our January issue, pp. 25 and 26, were according to Hennebique designs. 

Reinforced Concrete Pence Posts, —In further reference to the remarks in our 
January ftsue regarding the use of concrete at the Doncaster Agricultural Show, we 
give herewith an illustration of some fence posts erected at that exhibition by the 
Reinforced Concrete Fence Posts Co., Ijid. This company is now erecting fences or 
supplying the materials for their erection to seven of the principal railways of England, 
Metropolitan Water Board, Port of London Authority, and many private estates. 
There is often a great deal of prejudice to overcome in the introduction of a new 



Reisfokcbo Concrbtb Fbhce Posts at th* Doncaster Agricultural Show, 


^ 9 • 

material, but the advantages of these posts as compafed with wooden ones have been 
dealt with by us in former issues, and their almost univ^al adoption ;^ms to ^ 
only a matter of time. Reinft^cM concr<^e will neitlior rot nor burn} in fact, the 
posts are benefited by wet or'sodden ground, as the moisture assist? in the 
action which takes place in the hardening of the Portland cement. C^nOTt wiw 
adequate reinforcement and specially graded aggregates, all carefully raanipuiated, 
insures a mopolithic casting of the greatest strength. The ccen^^y are also manu¬ 
facturers of railway gradient poets, mile poets, and ccmcrete lettering, etc. 
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A CHEF D’OEUVRE OF 

REINFORCED CONCRETE 
ON THE KAHN SYSTEM 

THE TRUSSED CONCRETE STEEL CO., Ltd. 



The Dome of the Melbourne Public Library. Meters. Bates, Peebles S Smart, Architects. 


THE LARGEST REINFORCED CONCRETE DOME IN 
THE WORLD. CONSTRUCTED ON THE KAHN SYSTEM 


Apart from steeUconstracted domes, this dome is only surpassed in 
spat) by that of the Pantheon, which is 142 ft., and of St. Peter’s, 
Rome, which is 137 ft. The Melbourne dome illustrated above 
covers an ootaj^on, and the span between opposing inside faces of 
tension baiul is 124 ft 6 in., St. Sophia at Constantinople being 
iC^ ft, and St. Paul's 102 ft. The Melbourne dome is, however, 
^^e laii^t RdiQ^nsed Conoreft don^jw carried out to the 
' * “ ‘ ed, Ccaicrete Steel Go., Ltd., of Caxton House, 

the Ckmsulting Engineers for this part 
Mahiiii' Sj^em Reitnorcemeqt The top of 
abhi^ tbe level of the reading-room floor. 
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EDITO RIAL NOTES. 

CONCRETE ROADS. 

Although concrete is gaining a firmer foothold in this qpuntry and its use 
is becoming more general for all manner of buildings, it seems extraordinary 
that, comparatively speaking, so little study hasTup to the present been given 
to the question of its employment on our roads. 

The use of heavy motor traffic is on the increase and is causing consider¬ 
able anxiety to those who have charge of the mainten;mce and building of our 
roads and highways; and although many experiments have been made to 
discover the most suitable material fron^ the point of view of economy in con¬ 
struction and maintenance, a final solution has so far not yet been arrived at. 

In our present issue we publish an article by Mr. E. R. Matthews, Borough 
Surveyor of Bridh’ngton, on “ Concrete Roads and Footways,” which goes to 
bear out in some measure the experience acquired in the United States. In 
America concrete is being employed on a large and extensive scale for high¬ 
ways, and most of the literature seems to go to prove that the material has many 
advantages, viz., to enumerate one or two only : the construction is not difficult, 
the roads cost little to maintain, and they are smooth. On the other hand, 
like everything else, there are some disadvantages attaching to its use, but 
these, we hold, are far outweighed by the accruing gain, and, what is more, 
as has been proved in American practice, these difficulties can be overcome. 

One of the disadvantages mentioned by Mr. Matthews—ruimcly, that these 
roads arc inclined to be slippK'ry—does not seem to be borne out by many motor 
users in America whom we have consulted, for, evidently in order to avoid this 
trouble, American engineers have recently adopted the practice of rendering 
the surface slightly gritty. Further, the tendency to crack, which is one of the 
alleged disadvantages, is apparently also one that can be easily remedied. 

We propose publishing some American experiences in our subsequent 
issues, and would recommend that our county and borough surveyors and our 
municipal engineers should accord this question of concrete roads greater 
attention. 

In conclusion, we venture to express the hope that at the Road Congress to 
be held this summer the subject will be g^en some prominence, and that the 
problem of special motor roads on the main routes of communication may be 
discussed. 

ROAD,BR100Ea Of REINFORCED CONCRETE. 

At the present time, when so many of our provincial corporations and 
county councils are considering the question of reconstructing old bridges or 
building new ones, a few Words on this subject may not COthie amiss. 

We have read with considerable interest in the daily Press the accounts 
the proceedings of the various corporations when debadr^ the adyisstbiUty: pr 
noB^adyisabUity of erecting or reconstruetiiig bridgeit in r^ttfbireed bCdcieta. ' 




REINFORCED CONCRETE ROAD BRIDGES. 


A case in point is the cross-river communication at Newport, Monmouth¬ 
shire. The question of a new bridge or the reconstruction of the old one 
has for some time past occupied the attention of the Newport Corporation, 
and we observe that members of the Town Council seem very apprehensive of 
replacing the present masonry bridge by one in reinforced concrete, or even 
building a new one in that material. From quite recent information before us 
we note the recommendation of a resolution to rescind a former resolution to 
erect a bridge in reinforced concrete and that the sub-committee be empowered 
to confer with an expert with a view to adopting plans for constructing a stone 
bridge, and this, we believe, after matters had so far progressed that plans for 
a reinforced concrete structure had been drawn out. 

Similarly, in Norfolk, where quite a number of bridges of concrete are 
already under construction or completed, it would appear that some of the 
members of the County Council are doubtful as to the ultimate success of the 
venture, and a short time ago a hope was expressed by some that nothing larger 
than the Coltishall Bridge now under construction—consequent upon the floods 
of last year—would be undertaken in reinforced concrete. 

It seems to us that surely these doubts and fears are somewhat groundless— 
given, of course, that all due care is taken in the designing and carrying out 
of the work. These are, of course, absolute essentials; without them, failure 
might equally well result w'ith any other form adopted. 

In the United States and on the Continent bridges of far greater magnitude 
and span have been carried out in reinforced concrete, and have not only proved 
a success from the practical and economic point of view, but many of them arc 
of artistic merit, and those of our readers who have read our journal regularly 
will no doubt have seen the numerous illustrated articles on such structures 
carried out abroad. We would mention also the new reinforced concrete bridge 
762 ft. long opened early last year in New Zealand over the Ruamahunga River 
near Fealherstone. 

In our own islands the Waterford Bridge, 700 ft. long, on which an article 
appears in this issue, should not be overlooked. We could quote many other 
examples if space permitted. 

In conclusion, w'e would only express the hope that the fears of those who 
have such work under consideration may be allayed after a careful study of the 
matter. 


As before repeated, with careful designing, good workmanship and super¬ 
vision in construction, careful selection as to the reinforcement best suited for 
any particular structure, and care in the mixing of the concrete, bridges erected 
with this material will not only prove satisfactory, but be more durable and 
will cost less to maintain. 

BELGIAN NATUEAL CEMENT. 


Some iAterestihg aw departures have been made in the new specification issued 
last year by tihe, rj^bpimstration of the Belgian State Railways, which will in 
fpljUfe; goyetn thf BiCo<gjtance and testing of Portland 'cement for all works 
■ that' H^partment. 

cement supplied shall be slow-setting, 
method so long.as it complies with the follow- 
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(MgO) shall not exceed 3 per cent.; that of sulphuric acid (SOj) shall 
not exceed 2^ per cent. ; and that of the insoluble residue shall not 
exceed per cent. 

(b) No slag or other foreign matter may be added to the cement except such 

proportion of plaster as may be necessary to regulate the setting time. 

(c) The loss on ignition shall not exceed 3 per cent. 

(d) After calcination the cement must not contain less than 61 per cent, 
of lime (CaO). 

(e) The fineness shall be such that the residue on the sieve of 76 meshes 

per square inch shall not exceed 5 per cent. 

• •(/) The cement shall not commence to set in less th:*n 45 minutes after 

gauging, nor be complete in less than 4 nor in more than 14 hours. 

(g) The specific gravity must not be less than 3‘o7. 

(b) The tensile strength of sand briquettes (3 of normal sand to i of 
cement), after 24 hours’ hardening in moist air and 6 days’ immersion 
in, water having a temperature ranging between 59 and 64J Fahren¬ 
heit, shall not be less than 184J lbs. nor less than 284 lbs. per square 
inch after 27 days’ immersion. • 

(i) Pats of neat cement gauged on glass plates shall, after 21 hours’ harden¬ 

ing in moist air, be subjected to a steam bath, in which the tempera¬ 
ture of the water shall be gradually raised so that at the end of the 
first hour it shall not exceed 176 Fahrenheit, after which it shall be 
raised to boiling-point and maintained thereat for 5 hours. The pats 
must not show any cracks or distortion after this test. 

In any case of doubt concerning the quality, the officer in charge may require 
compliance with additional tests as under :— 

(j) The compression strength for mortar cubes (3 to i), after 24 hours’ 

hardening in moist air and 6 days’ immersion in water having the 

same temperature as for the tensile tests, shall not be less than 

1,846 lbs. nor less than 2,840 lbs. per square inch after 27 days’ 
immersion. 

(fe) The Le Chatelier test shall not show an expansion greater than 6 milli¬ 
metres. 

The officer in charge of the work is, however, given discretion to accept cement 
which falls slightly below the foregoing requirements, provided, however, 
that in no case the specific gravity be less than 3 07, the tensile strength less 
than 156 lb. and 227 lb, respectively at 7 and 28 days after gauging, and the 

compression strength not less than ten times these figures, but in such cases 

an extra quantity (not less than 25 per cent.) of cement must be used. 

The Administration has also issued %.ipplemental regulations defining the 
methods by which each test shall be carried out. These exhibit a desire to 
ensure great care and absolute uniformity in the work. The diameter of the 
sieve wire is defined, the exact method of determining the specific gravity is 
prescribed, the manner of ascertaining the “ normal consistency ” of tlte mortar 
by a needle instrument is carefully regulated, the grain or texture of the i^rmal 
sand is also provided for, the setting time is to be determined by a needle of 
given weight and dimensions, the size and thickness of the test pats is 
carefully fixed, and the method of gauging the briquettes and cubes is also 
strictly regulated. In this last-mentioned detail the Belgians have chosmi to 
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copy the German example rather than the English. In the British standard 
specification, as is well known, it is stipulated that the gauging shall be done 
entirely by hand, and the mortar pressed into the moulds without mechanical 
ramming; but the Germans adopted mechanical ramming as the standard 
method more than a quarter of a century ago, and, after prolonged experience 
of it, remain convinced that, though it may differ in greater degree from the 
conditions obtaining in actual practice than when the work is done entirely 
by hand, the advantages of uniformity of handling (as between each individual 
sample tested) more than outweigh the theoretical objections, and they have 
therefore retained the mechanical principle in their new normal specification 
issued rather mor^ than a year ago. The Belgians have now followed • suit, 
and stipulate for the ramming of the briquettes by 120 blows from a hammer 
weighing 2 kilogrammes falling from a height of 25 centimetre.s, and for the 
ramming of the cubes by 150 blows of a hammer weighing 3 kilogrammes and 
falling from a height of 50 centimetres. The briquettes are to be broken in a 
Michaelis machine, but no special make of machine is named fpr the com¬ 
pression tests. 

It will be noted that a minimurtk lime content is insisted on, and, when 
taken in conjunction with an absolute minimum specific gravity of 3*05, even 
when the extra proportion of cement is a condition of permission to use it, 
this will effectually exclude the so-called “ natural cements ” from use on the 
State railways of the country of their origin. As it can hardly be supposed 
that the Government engineers refuse to avail themselves of these cheap 
national products without good reason for such a course, their example should 
command the careful attention of every professional man. If Belgian 
“ natural cement ” is not good enough for use by the Belgian public authori¬ 
ties, how can any of our readers dream of accepting it for use outside its 
native land? And yet we hear now and then of a few officials who remain 
indifferent alike to the Belgian Government’s own example and to the teachings 
of experience, and take no pains to insist on their contractors using only 
genuine artificial cement—the only material entitled to the description of 
“ Portland cement ”—on work under their control. A word of caution on this 
point is just now especially necessary, in view of the fact that, owing in part 
to the higher cost of materials, fuel, labour and freight rates, and in part to 
the end of the prolonged depression and a closer balance between production 
and consumption, the market price of the genuine article has risen considerably, 
not merely in the United Kingdom, but in other countries where cement is 
produced in large quantities; and there is, therefore, a greater temptation for 
unscrupulous contractors to employ the low-priced, but vastly inferior, 
natural cement ” emanating from Belgium, and masquerading under the 
highfSdunding hut utterly false titl#of “ Best Portland Cement.”' 


OBITUARY NOTICE. 

JuHva Homan. 

to the death of Mr. Julius Homan, of Messrs. 

jivho died in the begrinning of February, in his 91st year, 
in steel and concrete construction and stated to be 
l„giifders, consisting* of joists and plates, which he 
only rccendy retired from business— i.e., 1912—and 
indefatigable, industry and great tact. 




WATERFORD BRIDGE. 




By ALBERT LAKEM/^N. 

The foLowing »fUcle on the Waterford Bridge, ruhtch was openea last month, shoala 
he of considerable Interest at the present time, when various municipalities and corpora¬ 
tions are discussing the erection of new bridges or the enlarging of old ones, and in view 
of the fact that considerable doubt still seems to ealst on the strength and safety of 
reinforced concrete bridges as compared with those constructed of other materials, — ED, 


This is an interesting example of reirrforced (xmcrete work, as it forms the 
most important bridge constructed with this material in the United Kingdom, 
and it is estimated that a considerable saving was effected by the adoption of 
the present scheme as compared with the steel bridge at one time contem¬ 
plated. 

The old budge which crossed the River Suir was constructed of timber, 
and as the new bridge was to be constructed in the same position it became 
necessary to form a temporary timber structure for the conduct of the traffic 
across the river during the period of reconstruction. This temporary bridge 
is just over 700 ft. long, and it has a width of 28 ft. between the parapets, 
thus giving a 20 ft. roadway and an 8 ft. footpath, while an opening portion 
40 ft. clear is provided for the passage of vessels. The whole of the work 
of the temporary bridge was carried out in about four and a half months, and 
this must be considered a very creditable performance when the size of the 
structure and the great length of the piles are taken into account. Some of 
the piles were no less than 66 ft. long, and the difficulty of pitching these in 
deep water with a fast current running was considerable. The vertical piles 
were driven in sets of three by the main piling engine, and the triple pile driver 
was capable of being worked with a cantilever projection of 25 ft. beyond the 
support formed by the last completed trestle of the temporary bridge, and this 
allowed the gantry to be almost continuously moved forward. The raking 
piles on either side were driven by a single pile driver, which moved forward 
on rails behind the gantry, and which was swung round to work on either side 
as required. Upon the completion of the temporary bridge the old structure 
was closed to traffic and demolition was commenced by the contractors. It 
is interesting to note that the old piles when extracted were found to be pointed, 
and had only penetrated the river bed from 4 ft. to 8 ft., the latter bemg the 
maximum, while the piles in the new reinforced concrete bridge are driven 
down to a depth of at least 20 ft. below the river bed to the solid rock, and 
the cyclinder piers are sunk to a depth varying from 6 ft. to 10 ft 
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The new rein¬ 
forced concrete 
bridge is constructed 
on the Hennebique 
system in accordance 
with drawings and 
specification p r e- 
pared by Mr. J. S. E. 
d e V e s i a n , 
M.Inst.C.E., on be¬ 
half of Messrs. L. G. 
Mouchel and Part¬ 
ners, Ltd., of West¬ 
minster, while the 
engineer to the 
Bridge Ck):iimittee is 
Mr. A. M. Burden, 
M.Inst.C.E., the 
County Engineer of 
Kilkenny. The 
method of preparing 
the work for the 
bridge is worthy of 
notice, as the con¬ 
tractors established a 
large manufactory 
close to the site and 
employed local 
labour for the pre- 
pifiration of the con¬ 
structional members, 
the cement and steel 
only being brought to 
the works; thus the 
execution of the 
scheme gave much 
benefit to the popula¬ 
tion of W aterford. 
The works were 
established about half 
a mile from the site 
of the bridge on the 
upstream side on the 
bank of the river, and 
the transit of the 
various members when 
completed was there- 
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fore a comparatively simple matter. A large platform was built for the moulding 
of the reinforced concrete piles, and this was executed by forming rough concrete 
walls 12 in. thick at 4 ft. centres, upon which wooden plates were placed to 
carry the 9 in. by 3 in. grooved and longued planks, constituting a perfectly 
level bed for the lower surface of the piles. The piles are 16 in. square, and 
the shuttering for the sides was made of two 8-in. by 2-in. boards placed on 
their edges and super-imposed with 7 in. by i in. cleats to connect same 
together. The shuttering was held in the vertical position by means of folding 



Fig. 3. PlBB-of Cyclinder Pier. 
Thb Waterford Bridge. 


wedges at the bottom and distance pieces 5 in. long at the top. The total 
number of piles required for the work‘was 217, and these varied in length 
from 45 ft. to 65 ft., the consequence being that a considerable area was 
required for the moulding platform. In order to avoid a platform of excessive 
size the piles were.moulded in three tiers, with i in. boarding placed between 
the first and second and second and third tiers. All the piles were made in 
about ten weeks, and each one was clearly numbered at the end to facilitate 
its transport to the required position in the work. When the piles were coat* 
pleted the process of moulding the pier cyclinders was commenced, and these 
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WATERFORD BRIDGE. 


were made in lengths of 6 ft., 9 ft., and 12 ft.; two sizes being required, one 
of which has a diameter of 5 ft. 6 in. and one of 7 ft., the thickness of the 
shell being 4 in. only and well reinforced with longitudinal and circumferential 
rods. This reinforcement was firstly built up in the form of a cage, and then 
lowered by means of a crane into the bottom ring of the timber mould, which 
consisted of a core formed of two semi-circular cradles fitted together with a 
separate outer case, also in two halves, which was arranged to give an annular 
space of 4 in. between the inner core and the outer form. The cores and 
shells were made in lengths of 3 ft., and consequently two or more lengths were 



I 

Fig. S. Detail of Machinery Chamber. 
The Waterford Bridge. 


used o.a the top of one another to give the required length to the cylinder. 
The power for the concrete mixer and other plant was supplied by a gas engine 
of i8i h.p., and the slinging of the various materials was accomplished with a 
lo-ton steam derrick crane mounted on movable bogies. 

When the work to the hew bridge was commenced the various moulded 
members were siting into barges and transported to the site without any 
delay, and the execution proceeded very rapidly. The drawings illustrated in 
Figs. I and 2 give the general plan and elevation Of the reinforced wncrete 
work, and it will be seen that an opening portion 80 ft. wide is provided at 
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the centre for navigation purposes, and on either side of this opening portion 
the bridge is divided up into six equal bays by the river piers, which are spaced 
at 46-ft. 4i-in. centres. The total size of the bridge is 700 ft. by 48 ft. between 



Fig, 6. Shuttering for Beams. 
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a roadway and two 8-ift. footpaths. -The piers are 
tha.wMth of the bridge, and these carry the four 
occur in each bay c«i either side of the opening 
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portion. The piers were formed by driving the i6-in. sq. reinforced piles in 
groups down to the solid rock, which was encountered at the average depth 
of 30 ft. below the bed of the river, and the cyclinder rings were then placed 
over these and lowered to the river bed, which had previously been dredged by 



FiK 8. Beam Keinforeement ia imsition. 



means of a grab to allow the.cyclinder to penetrate the required distailce; the 
bottom ring having also a cutting edge to assist in the sinking. When tWe 
bottom ring had been lowered it was carefully levdled and wedged in pbsitiOfi 
by a diver, and the successive sections were lowered and cemneoted menne 
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of socketed joints, which were formed in the casting of the various parts. .\ 
plan of one of these cyclindcr piers is illustrated in Fig. 3, when it will be 
seen that seven piles arc grouped inside the cylinder, the outside diameter 
of the latter being 7 ft. and the thickness 4 in. This size was employed for 
the piers on either side of the navigation opening, of which there were sixteen 
altogether, the remainder of the piers containing three piles only and having 
an outside diameter of 5 ft. 6 in. The depositing of the cyclinder rings con¬ 
tinued until the level of the low water bracing was nearly reached, and the 
interior of the pier was then filled in solid with concrete, which was delivered 
through a 12 in. diameter pipe. The bracing members are arranged in pairs, 
and they are made 3^ in. deep and 18 in. wide, being moulded in advance, 
with the longitudinal reinfoicement left protruding for carrying into the 
concrete filling of the cyclinders, where it was securely anchored. The high 
wafer bracing consists of similar members, the depth, however, being 30 in. 



FiS. 10. Vi«w showing Bracing to Cyclinder Piers. 
Thx Waterford Bridge 


only, while the main girders also obviously assist in the bracing. The 
cyclinders above the pile heads are continued as columns reinforced with seven 
lines of vertical reinforcement tied with transverse links spaced 12 in. apart, 
and a finish is formed with circular moulded capitals, which were cast in the 
contractors’ yard. 

The main beams carrying the roadway have a span equal to the distance 
apart of the columns-—viz., 46 ft. 4^ —and they arc of two types, as illus¬ 

trated in Figs. 4 and 40. The outside beams are 5 ft. 6 in. deep and 16 in. wide, 
weU reinforced, as shown in the drawings, while the two inside girders, which 
are coincident with the lines of the inside piers, are 4 ft. 2 in. deep and 16 in. 
wide* The centering for the moulding of these beams was carried by steel 
joiets jM^ed up by timber from the low water level bracing beams. The 

placed at 3 ft. SJ in. apart centre to centre, and these 
are 14 in. nnd f in, wide> exclusive of the decking slab, which is 5^ in. 
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thick. The footpaths are carried by the outer main beams, and also by the 
alternate transverse beams being" cantilevered out, as the footpaths project 
beyond the outer face of the former, and, in fact, the inner edge of the footpath 
is coincident with the inner face of these beams. The machinery for the 
manipulation of the opening portion is accommodated in four machinery 
chambers constructed in reinforced concrete at each corner of the opening, as 
shown in Fig. 5. The outer walls of these are only 4 in. thick, and two contain 
an upper floor for the storage batteries. The new bridge at the north end is 
connected to the new reinforced concrete viaduct, which was constructed a few 
years ago in front of the Great Southern and Western Railway, and at the south 
.end the approach is joined up to the existing quay wall, which was not 
disturbed. The parapet is very effectively designed, as wilfbe seen in the photo¬ 
graph of the finished work, illustrated in the frontispiece, and the pedestals 
occurring over the columns are bold and appropriate. The bridge is protected 
at the navigation opening by dolphins constructed of timber, and secured with 
piles driven at least 20 ft. into the river bed, while the cyclinder piers along each 
side of the opening are moulded with special provision for the attachment of 
timber fenders. 

The gradient of the bridge roadway is approximately i in 31 on either 
side of the opening span. The structure is designed for vehicular traffic with 
axle loads up to 16 tons, but on completion it will be tested with the dead super¬ 
load of 210 lb. per sq. ft. on the footpaths and two rolling loads of 32 tons 
each on the roadway. The specification demands that these loads shall be 
borne without causing any defect, without causing deflection greater than 1-600 
of the span, and without causing appreciable permanent deformation. 

The contractors for the work were Messrs. Kinnear, Moodie and Co., 
and the two rolling-lift spans were constructed by the Cleveland Bridge and 
Engineering Co. 



Fig. 11. 
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By 5OHN A DAVENPORT, MSc, A M.Inst.CE. 

TTie following article shoald be of Interest to those of oar readers whose work Includes 

the designing of concrete slabs. — ED. 

Iv the majority of cases reinforced concrete slabs arc designed for uniformly 
distributed loads and for equal and continuous spans. In fact, the R.I.B.A. 
Report only considers definitely continuous slfibs which arc of cqual*spans and 
carry uniformly distributed loads, and recommends that, for such conditions, 
the bending moments at the centre of tlie span and immediately over the sup- 

i2 

ports shall be taken as± “jL; this m order to allow for any settlement of the 

supports. Thus the moments of resistance of the slab sections at the centre of 
the span and over the supports must be equal m magnitude, and as the thick¬ 
ness is the same throughout, it follows that the area of steel at each of these 
points will be the same. 

It is not the object of this article to discuss what ratio the area of the steel 
to the area of the concrete should be for maximum economy; but, assuming 
that this be known, it is proposed to deal with the most economical method of 
arranging the bars. The complete design involves the calculation of slab 
thickness, the calculation of the area of steel in a certain width of slab, and 
the arrangement of the leinforcement as bars of a certain section and length 
spaced at definite inlerv als. The choice of section, size, and spacing of bars is a 
very simple matter and requires no further notice, but the determination of the 
lengths of the bars provides a means of making the design economical or 
otherwise In deciding upon the lengths of the bars the following points should 
always be considered;— 

1. The reinforcement should be near the bottom surface in the middle section 
of the span. 

2. The reinforcement should be near the top surface in the section over the 
supports. 

3. The full area of the bars is^required only in mid-span and immediately 
over the supports. 

4. At intermediate points a smaller area will suffice. 

$. At Borne iotertnediate point (the point of contraflexure) no tension rein- 
ipreement Is required. 

6« tn all ordinaiy bases no sl^ar reinforcement is necessary. 

Points I and a foUow from the fact that the whole of the tension is taken by 
die bars, OHiSt therefore be placed near the tension surfaces of the slab. 

.s. ' 
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Points 3, 4 and 5 follow from the fact that the bending, moment has 
numerically maximum values at only two points in the span, and is zero at the. 
point of contraftexure. 

Regarding point 6, the R.I.B.A. report states that shear reinforcement is 
not generally necessary in slabs. Apart from this official statement, however, 
it will be found that the shear force at the point of contraflexure, the only point 
at which there should be a break in the bars, is less than the maximum shear 
force which occurs at the support, and much less than the shear resistance of 
the concrete. The distance of the point of contraflexure from the support is 
taken by the writer as quarter the span, but provision is made for a fairly 
’lar^e deviation. Since the shear forces can be safely resisted by the concrete, 
it therefore follows that tension reinforcement only is required, and it is not 
necessary that the top bars shall be connected to the bottom bars. 

The following method, of which two alternatives are given, has been used 
by the writer for the last three years, and has always proved efficient, 
economical, and convenient. It is applicable to bars of any section or size, so 
that it may safely be used for patent bars or commercial sections. 

t 

tst ALTERNATIVE. 

All the bars, except those which lie at the underside of the slab in the end 
spans, are of length equal to half the span plus 2 or 3 in. at each end, bent up 
or down to provide anchorage. The bottom bars in the end spans have straight 
lengths equal to ihrec-quarlcrs of the span plus 2- or 3-in. bent ends. If the end 
of the slab be fixed in a wall chase or in any other manner, alternate bottom bars 
are bent up to the top, as shown later, to resist any tension which occurs in the 
top of the slab. 

All the bars, top and bottom, are arranged symmetrically about the sup¬ 
ports and centres of spans, so that the end of the straight length of a top bar 
is vertically over the corresponding end of a bottom bar. They, are then 
staggered a distance equal to the nearest 3 in. to one-tenth the span, alternate 
bars going right and left, as seen when looking across and not along the bars, 
and this gives the final arrangement. 

This results in the full area of the bar.s for lengths of 0*3 of the span over 
the supports and in mid-span, and one-half the area for lengths of o’l of 
span about the points which are distant quarter pf the span from the supports. 
It also allows the point of contraflexure to deviate an amount equal to o'l of 
the span on either side of the quarter-point. 

In the foregoing description the bars are first arranged symmetrically and 
then staggered, but it will be found in practice that they can be correctly 
staggered when first put in, provided the right workmen and foreman are on 
the job. 

Taking as an example a continuous slab of 12-ft. span, the amount of 
staggering must be i ft. 3 in .; the length of the intermediate bars 6 ft. plus 6 in. 
for two bent ends; and the length of the end bars 9 ft. plus 6 in. for two bent 
ends. 

The arrangement is shown in Fig. i, in which the plan shows, to an 
exaggerated scale, alternate bars lettered A and B.. The correct disposi^on of 
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the bars relatively to the supports is shown in the sections with bar A above 
and bar B below. The details of the bars are given in Fig. z, in which C shows 
top and bottom bars for all parts except in the bottom of the end spans, D 
shows the bottom bars in the end span when the end is not fixed in any way, 
and E shows alternate bottom bars in the end .span when the end is fixed. 
Notice that the total lengths of the bars D and E are the same. 


A 



Fif.« 1. 


This arrangement results in the following disposition of the reinforcement, 
see Fig. i. 

Over the supports and in the intermediate spans the total area of metal 
required by the design occurs for a length of 3 ft. 6 in. 

In the same parts not less than half this sirca occurs for a length of 
8 ft. 6 in., so that there is tension reinforcement for a continuous length of 
nearly three-quarters the span. 

In the end span the full sirea of metal CK'Curs for a length of 7 ft. g in., and 
not less than half this area for a length of 10 ft. 3 in. 

Further, the point of contraflexurc may occur anywhere in the space .Y, 

which has a length of 2 ft. 6 in. 

If the points i to 6, already noted, . 
be compared with this arr.ingemcnt it 
will be found that the reinforcement is 
disfwscd in the position and manner 
in which it can best resist all the 
tensile forces. 

The advantages which result from this arrangement are :— 


c -- 6'-O'- 

o st-- - y-0- --— 

■ - 7 ‘- 8 ‘- 

Fig. 2. 


(a) All the bars, except those in the end spans, being of the same length 

means that the steel orfe is of the simplest fc/rm, and there is no risk of putting 
irt, at any pafticula|!>place>,bars of the wrong length. , 

(b) As all the bars aire straight,*'with short bent ends only, the work involved 

jft H «^^8t possible, and there is no risk of bends being put in the 

wroip;jpl«w«i,'‘';v > 

. ‘: A* comparative short they are eaSy to handle, and there 

dskjbjf 

not connected together, no templates for 















ECONOMICAL SLAB REINFORCEMENT. 




(e) The laying of bars and concrete can go on together, and no replacing is 
necessary as would be tlhe case if the bars were laid first. 

(/) The weight of steel can be calculated from a very simple formula. 

(g) The cost of laying slabs is reductnl to an absolute minimum. 

'Fhe method of laying the slabs as used bN' the writer is as follows :— 

After the centering is ready, a sufficient number of btirs are laid handy for 
the stretch to be concreted. The thickness of the cover is then laid and the 
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buttt>m bars immedkitcly placed in tht' corrc’cl fKJsitions on the concrete. Further 
concrete is added till the surface Ims wached the level of the top bars; these are 
then laid and the slab completed. 

2 ttd ALTERNATIVE. 

The foregoing arrangement has had to be altered at times to meet the 
wishes of surveyors and architects, whose sole objection was to the discontinuity 
of the top and bottom bars. 'I'o overcome this objection adjacent top and 
bottom bars arc connected by means of a b" (or 4") diagonal, the resultant 
arrangement being the same as before, except for this. In order that the bars 
in any part may be connected to the bars in adjacent parts, alternate bottom 
bars are all connected io the corresponding top bars on the right, the inter¬ 
mediate bars being connected to the top bars on the left. Thus, apart from 


Dst 

bars in the end span, the total straight length of any bar is now twice what it 
was formerly. The advantages are the same as before, except that provision 
must be made to hold up the bars, and the longer length is not so convenient. 

Figs. 3 and 4 show details for a slab of 12-ft. span coflresponding to Figs, 
i and 2. In the end spans only allerna^e bottom bars are connected to the 
top bars, so that there are three, lengths of bar instead of two as before. It 
will be noticed that in any set of bars, bottom or top, adjacent bars are con¬ 
nected right and leff, so that the slab is tied from end to end in a width equal 
to twice the pitch of the bars. 

The details of bottom bars for fixed end spans are not separately shdwn, 
being already given in Fig. 2. . “ 
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Weight' of Steel. —Taking first a bar running from end to end in the 
direction of length of the bar, the length of bent ends in any span will be 
4 X 3 = 12 in.,'or i ft. For 2-in. bent ends this will be 8 in., but 3-in. ends 
are only considered now. The straight length in any span will be equal to the 
span, so that the total length of bar in one span will be i ft. longer than the 
span. 

Now let L“tot.al length of slab in feet, measured in the direction in which 
the bars run. 

B = total breadth of slab in feet in the perpendicular direction. 
n = total number of spans. 
p — pitah of bars in inches. 

Then the total length of one bar will be L + n feet, and the number of 

bars in breadth B will be ’ 

P 

The total length of bar in the slab will be the product of these two quan¬ 
tities— i.e., (L + n) feet. 

P 

Now let A be the area of one bar,* then, taking 3 4 lb. as the weight per 

foot run of 1 sq. in. of steel, the weight of the slab metal becomes 

u7_3'4X Uy-BA (f , , , 

W= - ^ (L+«) tons. 

2240 ^ 

or 

W= 0 ‘ 018 ^^ (L+n) tons. 

P 

Taking a slab of 200 ft. length and 150 ft. breadth, divided into 20 spans 
of 10 ft. each, with J-in. diameter bars at 6-in. centres— 

L = 2oo 
n = 20 
B~iso 
p =-.0 
A = O' 196 

H^= 0‘0182 X (200 420 ). 

6 

_ 0 ' 0182 X 150 X 0 ‘ 19 6 X 22 0 
6 ' 

= 19'62 tons. 

The product 3*4 .4 gives the weight per foot run of the bar, and if this 
figure be preferred it may be used after slightly modifying the formula above. 
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CONCRETE ROADS AND FOOTWAYS. 



By E. R. MATTHEWS. A.M.Inst.C.E., F.G.&. 

Boroiith Engineer of Bridlington. 

The c/aestion of the use of concrete for roads Is receiving considerable allentlon In the 
United Slates, though It has only been used to a minor extent In this counity. 

We propose in suhsequeni issues to publish some further articles and papers on this 
subfect, as it is one nuhtch merits a great deal more attention than Is at present accorded 
fott.—ED. _ 

While footways constructed of concrete in situ have been formed in various 
parts of this country—and tJu; author has had a {food deal of experience in the 
construction of this class of footway, Fiff. i, for example, representinjf one 
of this type recently formed by him at Bridlington—nevertheless the use 
of this material in the formation of roads has, with a very few exceptions, 
not been adopted. The advent ol the motor oar upon our roads has necessitated 
the introduction of methods of construction which in the days of the horse- 
drawn vehicle would not have been thought of. A. loo.sely-bound road siirf.'ice 
is no longer of any use, for the rapid car has a tendency to tear out the metal 
even from a compact road surface. Concrete, therefore, is the latest material 
used in road construction, and it is the intention in this article to describe its 
use in America, for it is that country that has taken the lead in the use of 
this material. It is proposed to set out some of the advantages and disad¬ 
vantages of using this material. Figs. 2 and 3 represent cross-sections through 
concrete roads and footways as recommended by the writer. 

ADVANTAGES. 

(/) Durability. —The chief advantage of a concrete, road is that its life is 
greater than tliat of almost any other road, with the exception of perhaps 
granite and whinstone setts. The nature of the material of which the road 
is constructed is such that it increases in hardness and durability with age. 
This cannot be said of any other material. 

Wood blocks become soft and often wear unevenly; stone setts, unless 
of granite or whinstone, vary in hardness, and fail in the same respect; granite 
macadam has to be renewed where there is heavy traffic on a road every three 
years or so, in some cases*oftener; tar macadam can only stand light traffic, and 
then it has to be renewed every few years; but a concrete road will present as 
good a surface at the expiration of five years as on the day the road was 
completed. • 

Under these circumstances, and knowing the various purposes for which 
American, engineers have used concrete, we are not surprised to find that at'the 
present time there are in America under construction some hundreds of miles of 
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concrete roads, and that the New York State Commission of Highways are 
constructing about 200 miles of such road-*, 50 miles of which are in the 
Rochester division. The California State Engineering Advisory Board also 
have 56 miles of concrete roads in hand. 

(2) Uniform Wearing of Surface — Unlike other methods of road construc¬ 
tion, a concrete road wears uniformly, and not in holes as is the ease with 
an ordinary macadam road; this is a very important matter. 

(3) Cieanly Appear¬ 
ance. — A road of this 
class always pre ents a 
cle.inly appeal iince, and 
can easily be cleansed b\ 
pl.iying a hose upon it, or 
watering with water-carts 
and then sweeping well 

(4) Maintenance. — 
It costs piacticallj nothini* 
to maintain a road of this 
class. 

(5) Economicai. — 

The cost of constructing 
suc'h a load is no greatei 
than that of a tar mic- 
adam load, as will be 
shown later. 

DISADVANTAGES. 

(1) Non-Biasticity. 
—Ihe principal of these is 
that the extreme hardness 
.ind non-clasticity of the 
road make it somcwh.il 
mjuiious to horses using 
It, especially when the 
animals stand daily for 
hours upon the road, as in 
the case of a cab horse. 

(2) Inciined to be 

Fio 1, Cow KFTK Footway. BmmiHGTON. s//ppeiy. — Unless the 

greatest care is taken a 

road of this class in certain weatherj_w ill become slippery. The surface of the 
concrete should be cut up into V-shaped grooves about J in. deep and | in. 
wide, so as to give horses a better foothold. A road of this type should not be 
constructed where theire is a considerable longitudinal gradient. 

(3) DifftcuHy la Opening Ou/.—This is a serious objection, as the open¬ 
ing out of our town streets is almost a daily cxcurrence. 

This obieclkffi might be overcome to a large extent by the construction 
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under the centre of the road of a reinforced concrete subway, which would 
accommodate gas and water mains, sewers, electric cables, telephone wires, etc., 
or these might all be laid under the footways, and the latter not be of concrete, 
but flagged or of asphalte; the disadvantage of this course is that the mains 
would have to be repeated on both sides of the road to really be of any benefit. 

0 - 0 ' 24 - 0 ' 
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( 4 ) Somewhat Noisy. —The noise is reducethby ihe t.arring of the surface, 
which should be repeated every other year or every third year if there is a 
good deal of Ira (lie on the road. The tarring will cost .'ibout ijd. per sup. yd. 
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MATERIALS AND METHOD 
OF CONSTRUCTION RECOM* 
MENDED RY THE AUTHOR. 

Concrete Road: Pro¬ 
portions. — The concrete 
used should be in the propor¬ 
tions of 5 parts gravel or 
broken granite varying from 
i in, to in, in size, i part 
coarse sand, and i part of 
Portland cement. A fairly 
wet mixture should be used. 


Thickness of Concrete. 

—A thickness of concrete of 

6 in. will be ample; it should not, however, be of less thickness. 

Expansion Joints. —'I'hese should be inserted every 30 ft. The author on 
one (K'casion when forming a wide concrete footway omitted these, but found 
as a result that cracks appeared about every 30 ft.; he therefore strongly 
recommends their insertion. 

Hand Tamping. —The pavement should be finished by hand tamping until 


the mortar comes freely to the surface. 

Tarred Surface. — It is advisable to tar the surface of the concrete (about 
I gall, per sup. yd.), and to spread granite or limestone screenings, and to 
repeat this a year after. 

—The New' York concrete rewds are costing $9,000 to $12,000 per 
mile, tidcing a i6-ft. road as a basis. 'ITie author estimates that such a road 
in this country would cost, including the tarring of surface, but independent of 
the cost of prepafing tlie foundation, which should be formed in the same 
manner as for an ordinary macadam road, 3s. fid. per sup. yd. .only, which is a 
low figure for a permanent road. 

Footways. —Footways, as shown in Figs, i and 2, formed of concrete 
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4 in. in thickness, have cost the author, with a brick-bat foundation, but 
no tarring of surface, as. 4d. per sup. yd. This is very little more than the cost 
of tar paving, while York or artificial stone flags have c(»t him 6s. 3d. per 
sup. yd. laid complete. 

The footways should have a 6 to i concrete base with a a-in. wearing 
surface of 1:1 cement and sand, and should be cut up into blocks, say, to 
imitate flags, or be pitted with a tooth roller. They should be brought up to 
a true face by means of a trowel. 





-Fic 4 

Kerb ,—The aullur has usually fotjncd this of the same material as the 
footways, but 12 in. by 8 in., and it has cost him about 3s. per lin. yd. The 
edge should have a ^-in. chamfer as shown in Fig. aa. 

AMERICAN EXAMPLE OF CONCRETE ROAD. 

A good example of a concrete road constructed recently in America is 
shown in Fig 4, which represents a road of this class just completed .it Nor¬ 
wood, Ohio. It may be briefly described as follows :— 

The concrete consisted of a i : 2.^: 5 mixture- >-and and crushed stone— 
in the writer’s opinion It should not have bc<'n a wc.aktr mixture than 6 to i. 
Expansion joints in.) were pl.'iced transversely evtry 30 ft., ,ind along each 
channel, and filled in with rubber asphaltc. 

The crushed stone used varied from } in. to 2 in. in size, the sub-foundation 
consisting of cinders; the concrete was mixed by a Milwaukee mixer, and laid 
to a thickness of 6 inches, and the cost of constructing this concrete road 
worked out at $1.20 per sup. yd. Transverse expansion joints | in, in width 
and filled in with pitch were inserted at Atchison, Kansas, where 9,500 sup. yd. 
of concrete roadway were laid last year. 

This road cost $1.07 per sup. yd. The finished surface was covered with 
sand and kept wet for several days. 

Reintorcement, — At Detroit the concrete was reinforced by the insertion 
of |-in. round steol bars placed longitudinally and transversely at 2 ft. centres 
and within inches of the upper surface of the concrete. Other reinforcement 
was inserted on the underside of the opncretc, and this consisted of J-in. steel 
bars laid at 4-ft. centres longitudinally and transversely; the top and bottom 
reinforcement was connected by means of clamps. The author docs not see 
the need of inserting this light reinforcement, which adds to the cost, although 
it, of course, considerably increases the strength of the pavement, and, what is 
more important, it prevents longitudinal cracks occurring a year or two after 
the pavement has been laid. 
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The top layer of concrete at Detroit consisted of i : i : 3, the bottom layer 
of 1 : 3 : 6. Expansion joints were inserted every 30 ft. longitudinally. 

Size ot Aggregate. — While this at Norwood consisted of stones varying in 
size from £• in. to 2 in., the author recommends a smaller aggregate, say ^ in. 
to 1^ in. in size. 

In a paper on “ Concrete Roads ” read by Mr. A. N. Johnson at the Ameri¬ 
can Road Congress in October last, he advocates the practice of using aggregate 
of not more than i in. in its largest dimension, and the insertion of expansion 
joints every 40 ft. to 50 ft. 

Concrete in one~course. — Professor F. P. Spalding, in his recently pub¬ 
lished “ Roads and Pavements,” advocates the placing of expansion joints every 
50/ ft., and at right angles to the kerb line, and suggests*that they be at least 
1 in. wide, and filled with a soft-wood strip of iho- same depth as the coaicrctc. 
He recommends a one-course meth<jd in preference to the two-course in placing 
the concrete, so as to avoid a plane of w'eakness incurring between the two 
courses; and the author concurs in this suggestion. 

Mr. Johnson’s c.stimatcd cost of a road similar to that suggested by the 
author, and shown in Fig. 3, is $t.oo per .sq. yd. 

GENERAL. 

There are many patented mcth(Kls of txincretc pavement construction 
in vogue in America; these include the Blome Company’s Granitoid Blocking 
method, the Hassam Pavement, and Dolarway Pavement. It is not the 
intention of the .luthor to describe the.se, but to conclude by saying that in his 
opinion concrete w-ill be used a g<X)d deal in this country in the future in the 
construction of roads, especially in liusy town streets and in narrow back roads. 
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By PH. RAUER, C.E. 

h pKsenttng the following article It is deslrei to drjvi special attention to this 
EthtblHon, with a view to Interesting all those concerned In this coantry, and it Is hoped 
that at this Ezhibitlon, which is Iniernaiional in Us character, England maybe well and 
adequately represented tn the various sections. The Ezhibitlon Is to be opened In May and 
lasts until October.—ED, 


The epoch-making s;]ccess which has attended the principle of exhibitions on 
special subjects has given a new and sudden trend to the ideas which have 
hitherto governed the erection of exhibitions. Such industries as are powerful 
enough to stand alone have followed this new impulse with surprising celerity. 
The industries of building and housing, the foremost and greatest industries 
of all, and those whose roots lie deepest in the soil of domestic life, .have 
combined for the formation of a first general international review, the idea of 
which has now been realised in the impending Leipzig International Building 
Exhibition of 1913. It is characteristic of German thoroughness that the 
principle of specialisation has been fully realised in Germany, in hygienics by the 
H3'gienc Exhibition, and now in architecture and housing through the coming 
Building Exhibition—that principle of specialisation which at once allows of a 
full representation of all matters in question and an elficient analysis of all 
pertinent subjects. A consistent solution of the problem of how to arrange a 
comprehensive exhibition of all matters pertaining to the departments of build¬ 
ing and housing also ncccssitiitcs a considerable increase in the area of ground 


to be occupied by the eJehibition. No less than 475,000 sq. yds.—an area 
exc^ding that of the Brussels Exhibition of 1910—is necessary in order to give 
a e^rraptete, though eondeni^ed, outline qi the important building industry. 

To on the historical spot on which the great Battle of 

flit Jh the exhibition is built on hiIly»ground, from which 
the' toiyn of Leipzig, the seat of Germany’s oldest university, 
p» the other side, looking towards the east, the eye is caught 
stpne monument to the Battle of Leipzig, .erected to 






























BUILDING EXHIBITION AT LEIPZIG. 


the memory of the heroes who shed their blood here a century ago. On the 
same soil on which the nations were then opposed to each other in deadly 
combat the friendly competition, which has but a single and common goal in 
view, will now take place. 



The exhibition grounds will be divided into two portions by $ bmad tr^k 
of railway lines. The larger half, that lying nearest to the town, eoothiM 
chief and palatial exhibition buildings; the smaller half, that on the side of the 
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Monument, is laid out in park-like grounds, and contains the special agricul¬ 
tural exhibition, and a small village, complete with agricultural buildings, 
dwelling-houses, school, and church. A special site has also been selected for 
a recreation park. 

In pleasant contrast to the want of clearness usually shown in other exhi- 



Plan of Exhibition Grounds. 

The Intbrnatiohal Bwlpinc Exhipition. Lbipxig. 
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xvilA. 

Monumental Sculpture 

xviti. 

Restauiants 

xlx. 

Park 

XIXA. 

Agricultural Buildings 

XX. 

Austrian Section 

xxl. 

State of Saxony Section 

xali. 

City of Dresden Section 

xxMl. 

Foreign Pavilion 

xxiv. 

Koumanlan Pavilion 

XXV. 

Hospital Section 

xxvl. 

Principal Caf<6 

xxvii. 

German ladustriest Pavilion 

xxvIU. 

Garden Approach Marien 
' brunn 


bitions in the arrangeihent of the chief buildings, the buildings in the Leipzig 
I EttbibijtiQh ate clearly and cbmprehensively arranged in groups according to 
. thbir relations to each O,liter. The general Building desigtf i%, the work of the 
Surifeyofs, Weidenbacb and Tschammer. The regular rise 
;.lirditt to|»n (rf Leipzig to the crowning height on which the 
qf Leipzig stands has been utilised with particular 
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BUILDING EXHIBITION AT LEIPZIG. 


ingenuity. From the main entrance, facing towards the town, a magnificent 
thoroughfare, 40 yds. in breadth, leads straight to the Monument, the axial 
arrangement of the buildings in this exhibition city being marked by a second 
lateral lime-tree avenue, 30 yds. broad and 500 yds. in length, crossing the 
main thoroughfare at right angles. The street crosses (he railway cutting. 



Adminiatntion Building. 

The InnuNATioMAL Buildimo Exhiktiok, Lstvgto. 


195 ft. broad, by means of a reinforced concrete girder-brWge, 8 ft. in breadth. 
The difference in the level of the ground here and on the farther side has been 
utilised for the formation of a terraced walk of considerable dimensions and of 
architectonic importance. At another point the railway cutting wiU be panned 
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Old Leipzig. 


by a second reinforced con¬ 
crete bridge of technical 
interest, to be built on a 
new system of the editor of 
our contemporary, Beton 
und Eisen, Dr. von 
Emperger, of Vienna. 

This erection exhibits 
a happy combination of 
ribbed cast-iron, natural 
steel on the Schroiff system, . 
and latticed trusses without 
rivets. The use of cast- 
iron for the bearing of com¬ 
pression strain is techni¬ 
cally a feature of peculiar 
interest in the structure. In 
order to afford a coherent 
picture o-f the present state 
of the entire building and 
housing industries, it has 
been decided to erect, apart 
from the industrial exhibi¬ 
tions and the exhibitions 


rep rcsentativc 
o f different 
countries, a 
science and art 
exhibition, i n 
which all sub¬ 
jects and objects 
of the exhibition 
are arranged, 
for the most 
part from a 
scientific pwnt 
of view, and 
witfioat: r^ard 

Here, owing to 



- carefully i; 




l«T'kt«ii*Tn3f)«i‘&«;iLDnio ExmaitiOM, LtiFatf. 





BUILDING EXHIBITION AT LEIPZIG. 


the view of the technical expert; while, on tlw: other hand, great care has been taken 
to make the present stageof technical development comprehensible to the layman, 
to demonstrate the results of buildings in Ihcir relation to social, industrial and 
hygienic life, and so appeal to the intelligence of the masses, not only as 
regards general questions of technical practicability, but also in respect of the 



Pr^aipal Eati^nce. 

THB iNTMMATIONAt;. ^UllrDIKO EXHIBITION, LkfPZW. 


value of the structutes from a domestic and industrial point of view. Model's, 
plans, and photographs alternate with stafisfical explanations and treatises oh 
political economy in their relations to daily life. *- 

The visitor to this technical and politico-economical exhibitimi will find Here 
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a perfection and completeness of detail. Though unavoidable condensation has 
prevented historical retrospects in general from being taken, t^e visitor will yet 
find such short hints in all branches of technical science, as to the origin and 
consequences of technical events of the past, as are necessary to an understand¬ 
ing of the development in the art of engineering and architectural designing. 
From the examination of the work that precedes the erection of all structures 




Thoiaak Church. Leipclg. 

The Ihtckhaiiokal Buildihg Bxhibitiom. Lbipzio. 



we pass to the ex¬ 
hibits of the finished 
products of the art of 
engineering, of super¬ 
structure, and to the' 
valuation of the single 
part in its relation to 
the whole construc¬ 
tion. The settlement 
question and the 
social and hygienic 
relations of building 
and dwelling-house 
construction are also 
thoroughly gone into. 

A whole village 
owes its origin to the 
idea alone of repre¬ 
senting the influence 
which arcliitectural 
progress has had on 
agriculture. 

The reinforced 
concrete hall may 
rank as the hitest 
advance in the art of 
this form of construc¬ 
tion. A reinforced 
concrete hall, 113 ft. 
high, with a cupola 
having a 97-ft. span 


and carried by 16 

concrete pillars, is a further examine of the applicability of this method of build¬ 
ing, and finds its contrast and oompqpion in an immense tower 4 ike building of 
iron, dribwned jtvith a ball 19 ft. in diameter. 

> tTfie exhibits illustrating tfie garden-city: movement in the scientific depart- 
nieiit-ara garden city ^ 70 houses, which'are not temporary, 

'built tdilUsfc - '"'i * 

Tfie bkx^k^f qhiefgildings in (he:Exhibition consists of extensive industrial 
, in them cpvers 23,500 sq. yds., to which 

exhibitions. Here also specialisation is 


BUILDING EXHIBITION AT LEIPZIG. 



consistently carried out. There are exhibitions for architectural art, interior 
decoration, building materials, building equipments, sport, hospital building, 
and two exhibition buildings for the machinery industry. Between the industrial 
halls stand the buildings representing foreign nations, and the pavilions of the 
various guilds, states, and authorities. In all the building and dwelling-house 
exhibitions all hygienic as well as domestic demands have been carefully attended 
to. Special exhibitions have been erected for two branches of hygienics, and 
have aroused the widest interest—the protection of the workman at the building 
site and the whole question of workmen’s provision. The section for work¬ 
men’s provision enjoys the services of a group of eminent physicians and the 
support of the trades unions and the National Bureau of Insurance. The General 
‘Commission of the Trades Unions of Germany will erect a bui'ding in a form and 
condition calculated to show the devices adopted to prevent accidents, not only 
by means of models, but also in a practical manner. 

The town of Leipzig, within whose walls a large number of important 
congresses will take place this year, also contains many other objects of interest 
for the stranger. 

Objects of interest will also be afforded for many visitors by the 
inauguration of the Monument of the* Battle of Leipzig and the numerous 
features which will remind them of the historical days of a hundred years ago. 
The largest railway station in Europe, which is destined to cope with the 
enormous traffic, has also already opened its doors. 

Nor have the peculiar historic recollections called up by the thought of 
the Battle of Leipzig in 1813 been neglected by the Exhibition. A whole town, 
with streets, squares, and alleys, represented as they were in 1813, has been 
erected with the name “ Old Leipzig.” 



' Frant View of Adtniniitratioti Buildiax. 

The iNtSKHMIOMAL BUILDIMO EXHiKTlOH, LsljUIO. 
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. EXPERIMENTS on the 
ADHESION OF OLD 
! AND NEW CONCRETE. 


B. HECTOR ST. GEORGE 
ROBINSON. 



The fi>U(ywing Is a Paper vihich v)»s published In the Proceedings of the InsMutlon of 
Civil EngIneerSf fnd Is now given here In full by the k*nd permission of the InsflHilion,—ED, 


In examining cracks in plain and reinforced concrete structures, usually caused by 
shrinkage and thermal stresses, the author has observed the frequency with which such 
cracks occur in places where concreting has been stopped for some time and then 
resumed. The difficulty of obtaining good adhesion or bond between new concrete and 
concrete already set is generally recognised by engineers, and various methods of 
treating the old surface before laying the new concrete are in vogue. 

With the object of terminating a dispute which arose in regard to the responsibility 
of a contractor for the efficiency of the joints in a fairly large reinforced concrete 
structure, the author carried out a series' of experiments as to the relative efficiency 
o^ various methods of jointing exmerete. The necessity of such tests was occasioned by 
the limited amount of experimental data available on the subject. 

In view of the great difficulty experienced in obtaining reasonably uniform results 
when fairly large concrete specimens were tested in direct tension, it was decided to 
test prisms by cross-bending. Tlie apparatus required to carry out this type of test is 
of an extremely simple description, and k was thus possible to make the tests under 
natural conditions in the held. 


Piy. I. 



t^nfiectipn with hieing t^ts, it^is impcM'tant to keep in view the fact that the 

edge of a bar of square or rectangular cross- 
in-direct tension. Ik the pre.sent case 
or mpiTOt^ of rupture is used for comparative purposes only, 
of tMjf^igperiments^ concrete pri-sms 30 in.« long and 4 in. square 
lined with zinc. The ^isms 'were tested as simple 
and load^ at the oth^ as shown diagramatically in 
joint to the point ojf application of the load'was 20 in.. 








ADHESION OF OLd'AND NEW CONCRETE, 


and in arriving at the tensile stress at the joint the dead weight of the portion of the 
prism broken off was included. In testing, the prisms were reversed so that the top 
or tension side was the underside during moulding. The concrete was of unifcsrm 
composition throughout and was made in the proportion of 2 cu. ft. of crushed Thames 
ballast, r cu. ft. of clean Tliames sand to 45 lb. of Portland cement—practically a 
4:2:1 mixture by volume. The ballast was mostly crushed flint pebbles, all passing 
a 5-in. mesh sieve and being retained on a i-in. mesh sieve, the average percentage of 
voids being 34. The sand was screened from the normal Thames ballast, the grains 
being i-in. and less, and the voids in this case being 3r5 per cent. The cement was 
to the British Standard Specification and was bought in the open market. Its average 
tensile strength per square inch was as follows :— 

Neat, at i day ....... 243 lb. 

,, ,, 7 d.ays . . . . . . • . 625 ,, 

,, ,, 2 months ...... 768 ,, 

It set initially in i hour 25 minutes, the final sotting time being 4 hours 30 minutes. 
In mixing the concrete, 10 i>cr cent, of water was used, liased on the total weight of 
the dry maUrials. Five sets of prisms were made and the conditions as to mixing and 
storing were identical. 

To arilve at a basis for aimparison, a set of six fwisms (reference “ A ”) were 
made without joints, these specimens being moulded and tested when twenty-eight 
days old. In the remainder, division htKir^s of roughly-sawn spruce were fixed in the 
moulds 8 in. from one end and the first portion of the concrete was placed and well 
rammed. These s^hort lengths w’<*re allowed to harden for seven days, after which the 
fat'e against which the new concrete was to be placed was prejjared and the prisms 
completed, care l>eing takesn to well ram the new material against the old face. The 
finished prisms were then allowixl to harden for twenty-eight days, afttT which they 
were tested. 

Four distinct tyjies of joint were investigated. In series “ B” the faces of the 
sevi'n days’ old concrete were merely waslw-d and well wetted prior to the imposition 
of the new material. As thc.se faces had been moulded against a somewhat rough 
soft-wood board tk'y were fairly open and coarse, and the somewhat high efliciency 
obtained with these joints is due to this roughness. The faces in series “ C ” were 
roughened with a chisel, all the loose material cleam'd away and the surface thoroughly 
wetted. In series “ D ” the faces were pn'pared first as in series “ C,” and were then 
wasted over several times with a thick wa.sh of semi-liquid neat cement grout, the 
new concrete being immediately applied. In the last .series, “ E,” the face's were 
thoroughly cleansed with water and treated with hydrochloric acid. After the, acid had 


Cawulateb Tension at E.tireme Edge, Lb. i>e« Sq. In. 
where / is the stress in lb. per sq. in., M the bending moment in inch-pounds, and J the modulus ot section. 
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CONCWTE^ 


removed the cement to a sufficient depth to expose the aggregate and thus leave a very 
rough face, all traces of the acid were removed with stiff brushes and water and the 
new concrete was then applied. 

The results of the tests are tabulated in the accompanying table. Prisms A4 and 
B5 were defective, while prisms D2 and D6 broke outside the joint, therefore these 
cases have not been included in the table. All the other specimens broke wholly or 
partly at the joints. ITic average efficiency of the various joints in the table is given 
in relation to the strength of the unjointed prisms. 

While these tests are somewhait limited in scope, it is evident that there is a ix>n- 
siderable difference in the strength of the various joints. The value of roughening and 
grouting is clearly apparent. The joints treated with acid show a high efficiency, but 
the trouble and care necessary for the success'ful use of acid, especially where an . 
aggregate of a porous nature is used, is opposed to its adoption in actual practice. 
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SHUMAN’S CONCRETE PILE 
PATENT UPHELD. 


TTie following is the report of some proceedings of general technical Interest, heard at the 
Royal Courts of justice, London. At the time of going to press an appeal has been entered. 


Thk case of^Simplex Concrete Piles, Ltd., v. J. and W. Stewart* came on for hearinjj 
before Mr. Justice Neville on Pebruar)' 4th and 5th. The artioa was broujjht for 
infrinffement of Frank Shuman’s Ix'tters Pfitent No. 9025** A.D. 1904, of which the 
plaintiffs arc the re{<istercd projjrielors. Specification had lM>en twice amended. 

First, in view of J. Potter’s Pal<-nt No. 1124 .A.D. tK6i|, which describes a method of 
constructiiifi piles by fir.st sinkinf* a tubular pile with ii l<x>se tip or point, filliniff the 
tube with artificial stone eompadtion, and then withdrawing the tube, the supply of 
fresh comjjositiim being kept up as the tube was withdrawn. The tip w'as left in the 
giound and formed a foundatkm for the j)ilc. Thf* drawing shows a tip of the same 
diameter across the top as the tube. On this amendment the original second claim 
was cut out and a dischiimer inserted to restrict the first claim, which was of a broad 
nature. By the leave of th«i Court, a second amendment was made, by which the 
first claim was abandoned; and the original third claim is now the only one. With 
certain abbreviations, the Spi'cifieation now stands as follows, the claim being given 
in full 


The invention relates to that method of 
forming piles of concrete or cement which 
consists in first driving a preparatory pile 
into the ground and then withdrawing the 
said preparatory pile and filling the open¬ 
ing formed thereby with concrete or cement 
in a fluid or plastic condition which, when 
it becomes set, forms the permanent pile. 
The object is to fill the openings with con¬ 
crete or cement in a better manner than 
heretofore and produce a faster pile. In the 
accompanying drawing. Fig. i is a vertical 
section illustrating the methotl of forming 
the opening in the ground by means of a 
preparatory pile, and Figs. 2, 3 and 4 illus¬ 
trate successive stages in the formation of 
the permanent pile. 

The preparatory pile consists of a metal 
tube I, provided at its top with a driving 
head 2, and at its bottom with a point or 
end-piece 3, which is detachable from the 
tube I, and is, in the example illustrated, of 
greater diameter than the said tube, with 
the object that the said tube i, shall not 
come into cont.act to any material extent 
with the walls of the opening formed by 
drivinif the preparatoi\ pile, so that the 
said pile can be driven without the exces¬ 
sive friction which results from the contact 
of the earth with the sides of the pile, when 


the pile, as a whole, is cylindrical or of the 
same width throughout, or tapers from top 
to bottom, the improved pile being also 
capable of easy withdrawal, owing to the 
fact that the jxiint or end-piece 3, remains 
at the bottom of the o|>ening, and the tube i 
is free from any material contact with the 
walls of the opening above the .said point or 
end-piece. 

After the said preparatory pile has bMn 
driven to the proper depth, the concrete^or 
cement is passed into its interior, and when 
a sufficient quantity has accumulated at the 
bottom of the tube above the point, the tube 
is withdrawn, either slowly and continu¬ 
ously or intermittently—a little at a time, 
and, during such withdrawal, the supply of 
concrete or cement to the interior of the 
tube is effected intermittently, so that the 
concrete or cement will escape into the open¬ 
ing above the point 3, as shown in Figs, a, 
3 and 4, until by tne time the tube 1 is 
completely withdrawn, the opening will be. 
filled with concrete or cement. 

When the opening is formed in wet 
ground or beneath water, the concrete or 
cement is intro/luced into the tube or hollow 
stem at such a rate as to always maintain 
a head of ciHicrete or cement at the bottom 
thereof so that water cannot gain acem to 


* Reperted by Douolab Leechmah, A.I.M.E., Barrister-Et Law. 

** Official indicBtion of the two amendments. > 
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the interior of the tube, but will be db> 
placed upwardly as the concrete or cement 
escapes from the lower end of the tube and 
into the opening outside the tube. 

By this means caving-in of the walls of 
the opening, when such opening is formed 
in unstable ground, is effectually prevented, 
and the concrete or cement pile, when it 
becomes bet, is a homogeneous structure 
possessing the needed strength. 

The point 3 can be made of any desired 
shape and of any material which will with¬ 
stand the shock of driving, preference 
being given to a point of concrete which 
may, if desired, be sheathed with sheet 
metal, e.\cept at the top, or be internally 
reinforced to strengthen it, as the plastic 
concrete or _ cement of which the pile is 
composed will take a better hold upon such 
concrete point than upon a metal or other 
point not affording so good a holding sur¬ 
face. 

Although the invention is described in 
connectioi^ with a preparatory pile provided 


with a cap and a detachable point, the 
method of forming concrete or cement piles 
may be employed in connection with the 
use of any suitable hollow preparatory pile 
open at the bottom for the escape of the 
concrete or cement therefrom as the said 
preparatory pile is withdrawn, but is limited 
to cases in which the hole made by the 
preparatory pile is of larger diameter than 
that of the greater part of the tube or stem 
of the pile. 

(daim,—The method of forming con¬ 
crete, or cement (rtV) piles, which consists in 
providing a hollow pile with an enlarged 
and detachable point or end-piece, of con¬ 
crete or other material, or materials, sinking 
the said pile into tl^ ground to form a hole 
larger than the pile stem, then slowly, or 
intermittently withdrawing the said pile 
witbOtit its said point or end-piece, and 
filling the hole above the said point or end 
piece with concrete, or cement during such 
withdrawal, and then permitting the con¬ 
crete, or cement to set, substantially as here¬ 
inbefore explained. 


The essential characteristic of the invention, therefore, is the making of the shoe 
1 f larger diameter than the tube; in practice it is made about 1 in. larger. 

For a time the Defendants were licensees under the Patent, but now the Plaintiffs 
act as contractors themselves. In their de.fence Messrs. Stewart relied partly upon 
Poller’s early patent and fiartly on a tubular well which had been sunk with a pcMtited 
bottom and perforated lower ends. In the course of the work a large tube had been 
driven down and gravel, etc., extruded from it to form a filtering material. 

In the result, Mr. Justice Neville held that there was s^ufficient subject matter to 
support the patent, and that the Defendants had inifringed. Accordingly he gave 
judgment for the Plaintiffs, granting them the usual relief, including an injunction 
against the infringement of the Letters Patent, diimages and costs. By the consent of 
the Plaintiffs the injunction was su.spended in respect of contracts already accepted by 
the Defendants provided notice of appeal was given within fourteen days. 
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By B. I. WELLER. 

The Ninth Convention of the National Association of Cement Users took place in 
December last, and quite a number of interesting papers :v>ere again read, of which we 
reprint the following one in abstract form. Further papers will ee printed in subsequent 
issues,—MD, _ _ 


EARLY HISTORY OF GRAIN ELEVATORS. 

Elevators as a means of housing and hundlmg (frain did not make their appearance 
until the latter part of the last century. The lirst real elevator of which there is any 
record is the “ cribbed ” wood tyi>e, and there arc still a good many of these houses in 
existence. This old type is interesting when it is considered that at one time an 
elevator of nearly four million bushels capacity was erected complete, and almost 
totally filled with grain, in a period of forty-four days. Of course, lumber was plentiful, 
and no expense was spared and no restrictions put on the builder except to gain time. 
.A,s the price of lumber advanced, it bt^came necessary to cast about for other kinds of 
material with which to build, the elevator operator and owner seeking for a material 
which would appreciably lower the insurance rate, which was very high on wood. 

. The first fire-resisting elevators were built of steel, practically Cn the same plan as 
the old wooden structures, which were rectangular in plan and had cribbed bins elevated 
on posts and usually arranged to suit unloading conditions. Up to this point all storage 
and handling devices were carried under one roof, but it was then demonstrated that 
all machinery for unloading, handling, and shipping could be more economically 
installed irt separate buildings called the working house. This was accomplished by 
having two or more parallel tracks alongside of the house for unloading, thus shorten¬ 
ing the house and necessarily making it more economical; a separate building for 
storage being erected having larger compartments than in the working house. At 
about this time there carhe into common use, in the construction of elevators, brick, 
tife, and concrete, which will be dealt with later. 

CLASSIFICATION OF GRAIN .ELEVATORS. 


drain devators in general may be classified under the following heads : Terminal. 
Transfer, Country or Litw Houses, Private or Hospital. Of the above-named classes 
the Terminal is by ffli" the ku'gest. This type of house is to a* greater or less extent 
umler the superviston^of the Government, both as regards the classification of the 
grain and also the weights of same. 


, , TerihihEV l|o calted bec^ they are wsually situated on a lake or ocean 

i|»twt -«iad direct from the fm-mer or through their line or 
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CONCRETE GRAIN ELEVATORS. 



When grain is T'cceivrd by a torminal house it is given a grade by the inspectors, 
and either stored awaiting future delivery or is shipped direct by boat or rail, usually 
the former. Part of this grain may have to go through different processes, such as 
bleaching, drying, or cleaning. The cleaning and drying when necessary, of certain 
portions of this grain, is generally absorbed by the operators of the house. 

Terminal hous<*s are usually controlled by grain firms, who also have their own 
line and country hou.scs. These country houses vary in size from 10,000- to 50,000- 
bushel storage rapacity, and are placed along railroads throughout the country where 
the grain is grown. These houses, after receiving the grain from the farmer, ship 
direct to their terminal house. 

METHOD OF HANDLING GRAIN. 

It may be interesting to give an idea f>f how much work c^n be done by some of 
the elevators which have lately been constructed. I'he ('anadian Stewart Company 



Tbuminal Elsvator, Fort William, Oktario, for the Grand Trunk Pacific Railway. 


recently constructed a reinforced concrete elevator for the Grand Trunk Pacific Railroad 
Company, at Fort William, Ontario. In the track-shed of this elevator there is room 
for spouting over the receiving pits, twenty cars at one time, and in a double shift of 
twenty hours it is possible to unload over 600 cars of grain. A boat which can. carry 
a cargo of 400,000 bushels of wheat can be loaded at this elevator by means of five 
dock spouts in about three and a-half hours. This house is equipped with nineteen 
cleaning machines, each one able to clean high as 3,000 bushels per hour, and in 
the dryer house it is possible to dry about 2,000 bushels per hour. There are also 
nineteen elevator legs in this house. Most of these legs have a capacity of elevating 
18,000 bushels per hour each. There are ten 2,cKx>J>ushe! hopper scales, and it is 
irteresting to note thht each hopper can be filled, weighed, and unloaded in a {ittle less 
than three and a half-minutes. The total capacity of this house is a little less than 
three and three-quarter million bushels, of which the working house.capacity i^ idxwt 
tliree-quarters of a million bushels storage capacity. 

In regard to power for these elevators; it may be said that, almost without easot^i* 
tion, all up-to-date houses are now equipped with individual motors for the 
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machines, conveyor belts, etc. This has been proven more satisfactory as to service 
and also is more economical. 

Rubber belting of a high grade is used both for conveyors and elevator legs, and 
in transmission manilla rope is used, both gears and belting having became obsolete, 
the former principally on account of the noise and the latter on account of slippage. 

In regard to marine towers, the above-mentioned firm recently erected for the 
W'ashburn-Crosby Company, of Buffalo, a tower which was cylindrical in form and 
160 ft. in height. This tower was equipped with marine leg, which is by far the fastest 
cn the great lakes, being able to unload a complete cargo of grain, at an average speed 
of 22,000 bushels per hour. The tower, of course, also contains automatic scales, and 
delivers the grain direct to the company elevator by means of conveyor belt running 
through a tunnel. , 

MATERIALS USED IN CONSTRUCTION. 

The different materials from which elevators have been built are as follows : Wood, 



Interior View. 

Terminal Grain Elevator, Fort William, Ontario. 


steel', brick, tile, and concrete. These have been named in the order in which they 
came into general use, and at the present time few elevators are built of any material 
save concrete. Wood was found to be very expensive when insurance rates were taken 
into consideratiim. Steel is a high conductor of heat, and there is on record an instance 
where four box cars, lying in a track-shed, caught fire, resulting in the wrecking of 
a steel house of over one-half million, bushels capacity, 'fhe steel walk of the storage 
tanks were, of course, very thin, offering ?ittle resistance to fires due to the burning of 


adjacent buildings, and so much of the grain would be damaged due to excessive heat 
tliat steel ha$ been £|un<i intpracticable. 

. There )|tave be^ many elevators constructed of brick, but it is usually too 

oh' account of walls having to be made so thick in order to suit reinforcing 

... 

;T8h of years, and even now and then elevators are built of 

to'be found wkh this material is that it is hard to ensure 

. ' 










CONCRETE GRAIN ELEVATORS. 



The first concrete elevator was built in 1902, and as soon as the tanks had been 
filled with grain several of them burst. This naturally retarded the use of coniTcte for 
two or three years. However, after one or two concrete elevators had been erected by 
well-known firms, the elevator owners regained confidence in this material. For some 
time concrete was used only in foundations and in the storage annexe, steel or wood 
being used throughout the working house. I.ater on storage bins in the working house 
and the columns supporting same were made of concrete, and only the cupola, which 
is that part of the elevator above the tanks, was built of steel. 

It has been clearly demonstrated that there is no better material for protecting the 
grain than concrete, on account of its being a ijoc^r conductor of heat or cold, and, 
being denser and freer from porosity than eith<T tile or brick, it has greater water¬ 
proof qualities. 



Tbrminal Elkvator, Fort William, Ontario, for thb Grand Trunk Pacific Railway. 


Another point in favour of concrete construction is the low cost, due to the fact 
that there is practically no skilled labour required in the construction of the modern 
elevator. 

METHODS OF CONSTRUCTION. 

The equipment for handling concrete in the modern elevator differs very little from 
the methods used in placing concrete in any other building, w'ith the exception of the 
forms, in which great advancement has Keen made in the last few years, the forms for 
the foundation, of course, being stationary,"but all forms above the foundations are 
movable, lliese forms are made of 2-in. plank, surfaced on one side and two edges, 
and the form over all is about 4 ft. 6 in. in height. After foundation htts been 
ccmpleted these forms are set over the whole area and. filled with concrete in layers of 
about 8 in. thickness. The raising of these forms is acocMnpfdished by a series of jfU^s, 
in which there are from six to eight on each tank, or, if they are used .00 $tralght;vyam 
they are placed about 5 or 6 ft. apart. These jacks are set'in a yoke which Is a framo* 
work of steel and is connected to the wopdwi forms. Through,'«idh jack ,thene Is a 
jacking rod about i in. in diameter running vertically. To operate tl]^ jackd a 
placed in the socket, causing a screw to turn which, if turned to the right, lifts the 
forms, and if turned to the left, the jack itself cUmbs the jackhig rod, while the forms 
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remain stationary, being supported by the two adjacent jacks. By reason of the rod 
passing through the jack, the load is applied concentrically, and leaves no tendency 
for the forms to bind. These jacking rods are placed directly on the top of each other, 
and no dismantling of the forms is required when additional rods are added. These 
yokes are connected by means of trusses, and these, in turn, support the temporary 
floor for the convenience of the working men and permit easier handling of material. 
This continual moving of forms does away with the horizontal rings and discolora¬ 
tions so often to be seen in the first concrete elevators. This type of form also has 
greatly reduced the cost over the stationary fwms used originally or the primitive 
jacking system first adopted, which was accomplished by jacking from the ground all 
the way to the top of the elevator. 

In the working house the girders, where required for floors, are poured simultane¬ 
ously with the walls, itiie floor slab generally being put in later. This is done so as 
not to impede the prepress of the wall forms. In reinforcing the tanks flat bars are 
used, being placed midway between the forms and at equal inter\’als, the difference in 
pi assure below and above being token care of by the size of the flat. The jacking rod 
on which the forms are raised is also part of the vertical reinforcing, and similar rods 
placed between the scries of jacking rods form the balance of the vertical r^nforcing. 
The tanks are always laid out in laaralleJ rows. Contacts must be provided for, and 
this is generally arranged by a system of horizontal anchors and additional concrete in 
the interstices. This arrangement of bins leaves the space between the different tanks, 
which is calkd an interstice bin. 

As the elevator is usually placed on the water front, and as its elevator boot tanks 
and receiving pits are necessarily some distance below grade, there Ls generally watrr- 
prooding to be taken into account. This is usually acToniplishecl by means of the 
membrane system of waterproofing. 

In regard to the balance of the construction, it is so nearly allied to other branches 
of reinforced concrete building that it is needless to go into further details. 

In conclusion, it is fair to add that the modem elevator has been and will continue 
to be a great factor in the upbuilding of north-west and also western Canada, and, in 
conjunction with the railroads, the elevator has been responsible for the steady crop 
increase, until it is safe to predict that in the next half decade the wheat crop of 
Canada alone will exceed 500,000,000 bushels per annum. 




U is OUT inietiHon to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method w are adopting, of dividing the sub/ects into sections, is, vte believe, a 
nev> departure.—ED. _ 
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.CONCRETE IN ITS LEGAL ASPECT. 

By W. VALENTINE BALL. 

'I he following is an abstract of a Paper'which was read at the Ordinary General 
Meeting of the Institute on January Qth, 1913. 

PRELIMINARY. 

In his opening remarks the author pointed out that there were certain diflficuUies 
in the presentation of this paper. There is no statute law which is specially applicable 
to the subject in hand, and of reported cases relating sjiecially to concrete there are 
none. Nevertheless, there are certain aspects of the law relating to building and 
engineering contracts which may be of interest to membtTS of the Institute. There 
are a few considerations which may projxjrly be kept in view by the parties to a con¬ 
tract which involves the use of concrete or reinforced concrete. 

In the course of the jjaper the term “ raiployer” is to stand for the local authority, 
compfiny, or pen-son who requires the work to be carried out. The term " contractor ” 
will signify the firm of contractors or builders employed directly by the employer, while 
the term “ sub-tontractor ” will include any firm or comjjany which is employed to 
carry out some portion of the work under a sub-contract. 

GENERAL OBSERVATIONS ON THE EMPLOYMENT OF A SUB-CONTRACTOR. 

In carrying out a large contract the employment of sub-contractors or specialists 
is very common; indeed, the employment of sub-contractors is almost inevitable when 
the work in hand is of any magnitude. 

Generally speaking, where there is no stipulation against sub-contracting a con¬ 
tractor may employ sub-contractors. The rule is, however, subject to the qualification 
that it does not apply when the employer reasonably and naturally looks for the 
personal service and attootion of the contractor. Thus, if the work in hand were of 
a highly special character, it would not be competent for the contractor who was skilled 
in that class of work to hand over its performance to some one else. - 

The following clause may be inserted if it is desired to ensure that the contractor 
shall carry out all the work himself:— 

“ This contract is and shall be consideaed as a personal contract by the contractor 
himself, who shall personally, with the assistance of skilled foremen, agents, mechanics, 
and workmen, direct and execute the works.” 

The more approved practice, however, is to leave it to the engineer to say whether 
and how far sub-conttactors may be employed. The following clause, which is to be 
found in the model conditions approved by the Institute of Electrical Eng^^rs, xhay 
safely be used :— . , ,r. 

“ The contractor shall not, without the coos«?nt in writing of the engineer,' 
bis contract, or any substantial part thereof, nor under-let the sathe, or any sii^tantiai 
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part thereof, nor make any sub-contract with any person or persons for the execution of 

any portion of the works, other ^han for raw materials, for minor details, or for any part 

of the whole of which the makers are named in the contract.” 

Another form of clause prevents the contractor from making a sub-contract with 
any workman or workmen for the execution of any portion of the work, except with 
the consent of the engin<’er. It also provides that if the contractor shall sub-let or let 
at task work any portion of the work he shall in such case forfeit to the employer the 
sum of as liquidated damages. 

WHO IS LIABLE TO PAY THE SUB-CONTRACTOR. ? 

A most important question from the point of view of the sub-contractor is. Who 
is liable to pay him ? He naturally want* to bo sure that his labour will not be in vain. 
Generally speaking, the employer is not ffable to a sub-contractor, unless an agreement 
between them can be prov^. Such an agreement will not be implied from the mere 
acceptance of the sub-contractor’s work. For instance, where an employer contracted 
with a builder to do certain work on his house, and a tradesman supplied goods to Ihe 
builder for use on the house, it was held that the emi)loyer was not liable for their 
price (see the ca.se of Hrahmah v. Abingdon, cited in Paterson v. Gandasequi, 1812, 
15 East. 62). The employer does, however, become liable if it can be S'hown that there 
is a contract betwwn him and the sub-contractor. 

An employer liiay also become liable to a sub-contractor by going surety for him. 
in that case, however, there must be som<*thing in writing, as a contract of guarantv 
cannot be sued on unless it is in writing. But there is a difference between a promise 
to pay the debt of anothtr and a direct promise fo be liable one.self in'any event. In 
the latter ease a written contract need not be proved. Thus, if the employer promi.ses 
to pay the sub-contractor t>ut of numies which he ha.s to pay to the head rontractor, 
this would be treated as a direct promise to pay (Dixon v. Hatfield, 1825, 2 Bing. 410). 

There is another way in. which the employer may become directly lifiblo to a sub¬ 
contractor. It may be proved that the head contractor, in employing the sub-contractor, 
really acted as the agent for the employer. The onut of proving this will be on the 
sub-contractor (see Woodward v. Buchanan, 1870, I..R. 5 Q.B. 285). 

I'he question. Who is the sub-contractor to look to for his reniuneration ? therefore 
turns upon the conditions of his employment. 

'The question of liability largely depends upon whether the ronlractor was con¬ 
stituted the agent of the employer to employ the sub-contractor or to purchase g<xxis 
from him, and to establish privity of contract between the employer and such sub¬ 
contractor. Where the defendant (a building-owner) entered into a contract with a 
builder by which the latter agreed to build a house for him under the supervision, of 
an architect, the contract provided that the provisional sums for goods to be ordered 
from special artists or tradesmen should, as the architect should certify, be pavable 
by the builder or the building owner. 

WHERE THE CONTRACTOR BECOMES INSOLVENT. 

Trouble frequently ari^s in cases where, owing to the inisolveney of the builder, 
the sub-contractor is compelled to look to the building-owner. He often makes such a 
claim without avail; but by means of a special clause this difficulty may be obviated. 

HOW PAR THE CONTRACTOR IS LIABLE FOR THE DELAY OF THE 

SUB-CONTRACTOR. 

If an employer reserves to himself the right of employing specialists to do any 
portion of the work on a large contract, he does not thereby give any implied under¬ 
taking to the head contractor that he will be responsible for any damage caused to the 
builder by any delay or default, on the part of tl^ specialists. 

As a general rule, however, the subcontract contains a clause to the effect that 
,’Vtbe suh-contraettHT shall pay to the contractor a certain sum as liquidated damages, 
by o^;|ii^0lty, jper day for each day after the day of 
tliie wnrfe ^ fished or complete, and it shall be lawful for the said’ 

iti(Se;^d:sunis out of any mcwwy payable tothi sub-con.tractor.” 

li ■ i'/ . I ► >'w 1 ,' ' 'i. ' 

OF THE aUB*CONTRACTOR FOR DELAY. 

Wpptractor for delay in completing the work he has under- 
fs oni.tho terms of his contract with the head ocmtractor. If 
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hi does not know that the head contrartor has undertaken to do the work within a 
specified time he will not be liable for the damages claimed and recovered by the em¬ 
ployer for delay; but it is otherwise if it is shown that he knew what would be the 
consequences of delay. To quote the case of The Hydraulic Engineering Co. v. 
.McHaflfie, 1878, 4 Q.B.D. 670, the plaintiff company contracted with an emplovor to 
make a pile-driving machine. The defendant was employed to make a part of the 
machine and to deliver the same by the end of .August, when, as be knew-, the plaintiff 
company had to make delivery to the employer. The defendant was a month late in 
making delivery of his part, with the result that the employer refused to accept the 
wliole machirx*. As it was of peculiar construction no market could be found for it, 
and it was therefore sold as old iron. It was held that the pbnintiffs were entitled to 
recover the profits which they would have made on the siiU* to the employer and the 
expenditure thrown aw’ay on the other parts of the machine. From this it may be 
inferred that any sub-contractor for the execution of a portion of a c'ontract for large 
wofks may find hims<»lf cast in very considerable diimages if he is guilty of delay. 

USE OF MATERIAL ON THE SITE. 

It may well be that in some cases the buildtr or other person who has to provide 
ix>ncrete will find a large bed of gravel or other useful material on the site. How far 
can he use it in the fulfilment of his contract ? 

An obligation uj)on a contractor to clear away old materials does not necessfwily ' 
vest those lhaterials in him. Again, where a contnu'lor is bound by his contract to 
excavate, the materials <‘xcavated do not necessarily vest in him. On the contrary, if a 
contractor make us<‘ of materials supplied fo him the employer may sc't off their price 
against the amount clue under the ixmtrart. For instance, in one rase the plaintiff 
contracted to do certain work for the defendant and to find the' materials. The* defendant 
supplied part of the materials which the plaintiff made use of in tlie work. It w'as 
held that the defendant w'as entitled to deduct the value of the materials supplied by 
him from the contract price (Newton v. Forsh-r, 1844, 12 M. and W. 772). 

The importance to tlie employer of some clause dealing with old materials lies in 
the fact that if nothing is said about them the contractor may remove them. Having 
removed them he may sell them. In that case, if he were to become bfinkrupt, the 
employer could not get the g<Mjds back, buit would b<" relegated to his right of proving 
for their value in the contractor’s bankruptcy. 

Where the* contract for erecting a building or executing other works makes no 
reference to old mab*rials, it .s<>ems that the contractor will be under an implied obliga¬ 
tion to clear them away. There is no Engli.sh case directly in point, but the principle 
ha.s been. laid dowm in several .American cases. 

IMPORTANCE OF PROVIDING FOR THE REMOVAL OF OLD MATERIALS. 

It is w'eJl for every contractor w'ho has undertaken works which involve the 
clearance of a site to take care that he is adequately j>roterted. The removal of a 
large mass of concrete would be a long and costly operation, while to remove reinforced 
concrete, knit together with ribs of steel, is the labour ^ Titans. When the time 
arrives for the removal of modem buildings it is clear that the contractor must needs 
regard clearances as a very important item when considering the amount of his 
tender. 

EXPRESS PROVISION FOR MATERIALS ON SITE. 

In drawing his specification the architect often inserts a clause to the^ following 
effect, “ Materials on the site to be used as far as possible.” If a tender fs made by 
a contractor on the basis of such a specification the^ architect should take care to 
ascertain whether the contractor has made ^y deduction in respect of old mater^ls. 
If the contractor, having made no deduction, uses any of the materials the architect 
may set their value off against the contract price; and even if the contractor has 
made a deduction, but has not informed the architect of the fact, there may still be 
a set-off. 

CLAUSE TO PROVIDE FOR THE USB OP OLO MATBRIALE. 

The following is a convenient form of clause. 

“All materials upon the site or upon the space to be covered by the gildings'for 

cimtiact works] at the date of the contract, and all materials and things excavated by the 
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contractor from the works, shall remain the property of the employer until paid for by 
the contractor. Such of them as shall be approv^ by the architect for the purpose of the 
works shall be paid for by the contractor at a price to be named in his tender or, if not 
named, to be ascertained by the architect, and all other materials shall be removed by the 
contractor from or deposited, stacked, or spread on the site as, where and when directed 
by the architect.” 

This clause may properly be inserted ini a contract which involves the making* of 
concrete, because it is necessary that gravel, etc., to be used should be approved by 
the architect. 

PROVISION FOR WATER. 

Another question of importance is the provision of an adequate supply of water. 
Where there is a good supply at hand in the mains no difficulty ne^ arise. The 
question will simply be, Is the employer or the contractor to jiay the water rate during 
the work of construction? But if there is no municipal or other supyply the difficulty 
may have to be met by sinking a well or pumping from a lake or river. Suitable 
clauses must be inserted in the contract to place the burden of pumping or well-sinkiijg 
on the right shoulders. 

RIGHT TO REJECT MATERIALS. 

It is important to consider the question whether the architect has the right to 
rejet:t improper materials when brought on to ihe work.s. In this regard the provisions 
of the R.I.B.A. fo.“m appear to be fairly .satisfactory. " 

SUPERVISION WHEN CONCRETE BEING LAID. 

Concrete is a matter which may require some supervision on the part of the 
architect. To cover up wet concrete may involve serious disaster, and it sterns that, 
in the conduct of ordinary building operations, it is the duty of the architect to attend 
k> this matter; although in some respects he is an arbitrator, be is also a scr\’ant to 
the building-owner or employer. 

” There may, of course, be many things which the architect cannot be expected 
to observe whilst they are being done—minute matters that nothing but daily or even 

hourly watching could keep a cheek upon.But he, or someone rcpresenitlng 

him, should undoubtedly see to the principal parts of the work before they are hid 
from view, and if need be he .should require a contractor to giv<‘ notice before an 
operation is to be done which will prevent his so insperting an important fiart of the 
work as to be able to give his certificate upon knowledge, and not on assumption, as 
to how work hidden from view has been done.” 

So much for the liability of the architect. In a case where there is no architect 
employed the problem assumes a somewhat .simpler a.spect. The builder then acts as 
skilled adviser, as designer, and ns superintendent of the building. 

defects after completion. 

The author stated he had not sufficient technical knowledge to know whether con¬ 
crete or reinforced concrete is liable through the more lapse of time to deteriorate. 
Take, for instance, the case of a concrete archway. Suppose that it develops a crack 
within six months of the date of completion, and the contract is silent on the question 
of liability—what is the legal position ? The mere fact that the employer has accepted 
the bridge and paid for it would not amount to a waiver of his right to damages if the 
bridge failed through some fault for which the contractor was responsible. 

For instance, in one case the plaintiff, a shipowner, bought copper sheathing of 
the defendant, a copper- manufacturer, and the copper was put on the ship, which 
sailed; but the copper, instead of lasting four or five years, as usual, corroded in four 
or five months and became unfit. It was held that the plaintiff could recover damages, 
notwithstanding the acceptance (Jones vi^Bright, 1829, 5 Bing. 533). 

Further, paymenitf of, or Ju'^ment for, the contract price is no bar to claim by 
the Ctttplojiier f&X defetstive work, nor for damages arising out of the breach (Davis v. 
Hedges, 1^71, 1 ,.R. 6 687). 

Ojr,,|tAVtNG A TIME UMfT TO LIABlLltY FOR DEFECTS. 

jPtGrtt, ftite view of the o^ractor who has to put in concrete, it is best to 

A hisjtabilky by an express clause in the contract, because where 

the approval of the.employer or his architect, the expres- 
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sion of that approval will prevent any recovery by him for patent defects subsequently 
discovered. 

W'h'CTe the contract is silent in the matter, the measure of damages for incomplete 
or defective performance is what it would cost to rectify the defects or omissions at the 
date when they might have been discovered, or when the particular part of the work 
was completed. 

Apart from the terms of the contract, it is manifest that the contractor could not 
by any possibility be held responsible for defects arising in the course of time from wear 
and tear. But if there is a structural defect which ought to have been detected and 
put right when the works were in hand, it is conceived that the contractor remains 
liable for that. 

UNFORESEEN DIFFICULTIES IN CARRYING OUT THE WORK. 

There is one matter to which the contractor who has made himself respcmsible for 
the laying of a large bed of concrete must pay particular attention. employer will 
enck-avour to put upon the contractor the entire responsibility for the site—the nature 
of the strata to be met with when making excavations and their capacity to support 
the intended structure; and he will also seek to put upon the contractor the responsi¬ 
bility of estimating how much material will be necessary to complete the work. 

It is a well-established principle of law that in the performance of an ordinary 
building agreement or other contract for works, the risk of possibility of performance 
is on the cotltractor. (Thorn v. Mayor of London, 1876, L.R. i A.C. 120.) 

The principle of Thorn v. Mayor of Ijondon was long applied to excuse employers 
in cases of a similar kind; but a more rAent case has shown that the disclaiming 
clause will not necessarily relieve the emploj-er. If he puts forward plans, etc., as 
showing the nature and extent of the work, he may be held liable if those plans were 
false to his knowledge or were put forward recklessly without proper inquiry as to 
whethfT they were true or false. 

CLAUSES DEALING WITH CEMENT. 

Certain points seem to require attention in civntracts relating to the supply of 
ciment. Thus, provision musit be made for testing by a person responsible to the 
employer, and for suitable accommodation in a dry place. In the case of a very large 
contract it may be necessary to erect a special building for the storage of cement until 
it is required for use. In that case it will ibe nece.ssary to specify who is to erect the 
building. 

CONCLUSION. 

In concluding, the autfwM- remarked that after his paper had appeared in print, 
he had received a copy of Messrs. .Scotl-Fraser’s specification of reinforced concrete 
which was published in iqii, and! contained .some general and preliminary clau.ses. 
This specification, the author remarked, appeared to ^ drawn in a form w'hich might 
be usefully adopted by those who have to carry out this kind of work. 

Before opening the discussion the President read a letter from Mr. Percy Waldram, F.S.I.. 

(7 I 

Extract from Mr. Waldramfs Letter. 

“ Mr. Ball’s interesting and valuable paper would appear to have omitted one point, 
which might possibly be of the greatest possible imjx>rtance, viz : 

“ Who is responsible in the event of failures due to over-daring design? 

“In many cases where reinforced concrete is used the engineer or architect is not in a 
position to check the calculations. He employs a 'specialist firm to design and calculate the 
work, receives from them a price, and instructs the general contractor to. give them the order. 
The latter merely carries out that instruction. In due course the specialist firm send on to the 
work, not their own workmen, but the sttoi'kmen of^a second sub-contractor employed by them. 
In the case of a public ccmtract not long.ago, the I.x)cai .PoyemmeiU Board Inspector asked who 
would be responsible for the accuracy pf the calculationa. The prospective coqt^ttetor in 
this case a licensee of the specialists' system. He promptly disclaimed responsibility for 
calculations which he had never seen, and could not follow if he ,bad. local engineer 
said the same, whilst tbe%pecialists replied-that they were employed to design lonly,* :and 
if they designed in accordance with ordmary practice their resphnsibUity vra^ at an ohd; the* 
were not parties to the contract, and had no more responsibility than the.local^gineer. - 

“ Probably all three were perfectly correct, but the members of the locnl.Cdtmcu were.iklt 
impressed. " .. , 
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" It u not always easy to get proper calculations. 

“ Still more difficult would be the case where a failure occurred with regard to some 
of the matters upon which we are still somewhat hazy. Even the R.I.B.A. Reports and the 
proposed L.C.C. Regulations are almost entirely silent with regard to double reinforced 
beams. 

" Possibly Mr. Ball could suggest some form of undertalcing which would fix the responsi¬ 
bility for reinforced concrete work upon the shoulders of the specialist firms who design it, 
and upon their sub-contractors who carry it out, and t^lso state whether that undertaking could 
be a joint and several one, and for bow long it would operate in the event of no time limit 
being stated.*’ 

DISCUSSION. 


Mr, A, AlioB N. Seott, M.S.A. (Member of Council C.I.), said Mr. Waldram’s letter raised 
some of the most important points that can be raised with regard to reinforced concrete work. 
The usual custom in building contracts has been, and is being, unfortunately entirely departed 
from in reinforced concrete work. 

He said there were five methods specially in vogue at the present time where the reinforced 
concrete specialist came in, and, after dealing with them in detail, said that with the various 
cases quoted as to sub-conitractors it is placing both the architect, and eventually the building 
owner, from a financial point of view, in a most extraordinary position, because he at least, 
as a layman, has no idea where he stands at all. 

The only thing that would appear to cover him is the usual clause in the ^.I.B.A. form 
with regard to sub-letting, which is a very short and concise clause. It simply says that the 
contractor shall not sub-let without the architqpt’s written sanction. 

So far as the builder and the sub-contractor are concerned with regard to penalties, the 
Master Builders’ Associatirm have a sub-contractors’ form which is based on the R.I.B.A. 
form, and it there gives in the form of a schedule the whole of the main contract so far as it 
applies to the sub-contractor, and the sub-contractor has a right to inspect the main contract. 
It is a very good contract. 

In the course of the paper it is stated that the architect should require a contractor to 
give notice before an operation is to be done; it will prevent his inspecting the important part 
of the work, in giving a certificate on knowledge and not upon estimation. In reinforced 
concrete work, unfortunately, every part of the work is hidden which is of importance, and 
even if an architect spent the whole of his time on the job be would have to have a dozen 
pair of eyes and a dozen personalities on a fair-sized job. 

Mr, W. a. Peek/aa (District Surveyor for Holborn; Member of Council C.I.) : In the 
early part of the paper it is stated there is no statute law which is specially applicable to the 
subject in hand. There are the London Building Acts proposed regulations which would 
govern reinforced concrete, and the bye-laws governing concrete in foundations in. London, 
in foundations outside of London, and the construction of walls in London. 

Looking at the paper from the official point of view, it would be very interesting if the 
author would express his views as to the contractor’s {losition with regard to this Building Act 
and the bye-laws just mentioned. Many instances similar to the following one have come to 
his notice. The specification furnished by the architect described certain concrete for a wall 
to be composed of one part of cement to six parts of aggregate. The bye-law requires concrete 
for the work in question to be one part of cement, two parts of sand and three parts of 
aggregate, and the local authority (the speaker in this case) insisted upon the work being done 
accordingly. One of the conditions of the contract stated that the whole of the work was to 
be in accordance with the bye-laws, and to the satisfaction of the local authority. In such a 
case, can the builder, having regard to this clause, claim an extra payment for the additional 
amount of cement used, for the sand, and for the extra labour in mixing the concrete when 
composed in accordance with the bye-law?—that is to say, he has to handle three materials 
ihstead of two. 

Mr. PkuHrr quoted a numbe:[^ of Building Acts and Bye-laws where concrete or 

concrete ate.mentioned in am ambigitoos way. 

ft, .’JWIh* ' Meml^ of Council C.I. (District Surveyor for the 
alliedwhat he thought teas the position to-day of the architect who 

cannot'supervise. There was the case of a floor not'a 
place urUh a certain amouut of steel woric. The proper amount of 
Tor. At the end of the j<d> a certain amount of steel was carted 
; Isaonm how the aurplda was come by. After some searching it was 
k jL .whole hay of concrete, a 17-ft. span, and not one iota of 
i'the aiKwii^ct responsible fcir that? Now it has been discovered, it is 
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going to be put right; but, had it not been discovered and an accident had happened, surely 
the architect would not be responsible for it? 

Mr. Marbtrt Stnflurd, A.R.t,B.A., M.C.I., said he did not agree with Mr. Etchells or 
Mr. Hills. Jf they looked back to the ’fifties they will see that at that time concrete was 
being advertised and was being dealt with then in a very large way all over the country as 
the “new material.” They were actually building concrete houses in the North of England 
at that time. The 1855 Act originated out of a request to the Government of the day by the 
Royal Institute of British Architects to assist them in reforming what was then called “The 
Metropolitan Building Act,” and it was with their assbtance principally, and with the aid 
of the Royal Institute, that those draft regulations were first brought into being. And the 
interesting part is this, that the very first lecture that was ever given, and the,very first prize 
that was ever given by the Royal Institute of British Architects, was in 1834, for a paper on 
iconcrete. 

It seemed an anomaly to him that even at the present day, in spite of the revisions which 
the Building Acts have received from the progress of construction, he la^ieved it is still possible 
that one can legally put q inches of concrete under a wall 80 ft. high. 

MR. VALENTINE BALL'S REPLY. 

Mr. Vairnilme BmH, replying to the points raised by Mr. Scott, said, in the case of the 
specialist employed by the architect, he thought with regard to the liability of the contractor 
for the specialist, that had been to some extent foreseen in the R.I.B.A. Form, Clause 20, 
where it will be found that the contractor is entitled to object to the employment of any 
specialist wh* will not enter into a contract with him indemnifying him from the consequences 
of the specialist’s fault and delay; and that, he supposed, in some measure afforded protection 
to the contractor. • 

But as to the general question, who is liable for a fault in design, the decisions on the 
point appear to show that if the employer engages a contractor to use a particular kind of 
patent roofing, and stipulated no other should be used, and the patent roofing turned out to 
be wholly incapable of keeping out the wet, then the responsibility is not upon the con¬ 
tractor. He simply did what he was told; but as to the exact position where the designs of 
the engineer, as worked out by the sjiecialist, are faulty, then again, he supposed, the liability 
would be on the engineer or the architect. 

With regard to the question of the inspection of reinforced concrete by the architect when 
it is in the lay, it appeared to him that the modern class of building contract does not provide 
exactly what the duties of the architect shall be, and it seemed utterly unreasonable to 
suppose that the architect must be there when every piece of steel is being put into place, 
or that any Court of Justice would hold that that was the duty of the architect. He could 
perhaps protect himself by insisting that more than one clerk of the works shall be employed, 
and that the clerk of the works shall be careful to exercise due diligence in supervising the 
contractor. 

Answering the interesting question raised by Mr. Perkins with regard to the observance of 
by-laws by the builder, the R.I.B.A. Form expressly provides for that by Clause 5, where the 
duty of complying with by-laws past, present and future is thrown upon the builder. If 
he finds, in carrying out the work, that he cannot comply with the by-law by complying with 
the specifications, he was entitled to give notice to the architect and say he must comply with 
the by-law, and if he complied with the by-law, he would be entitled to treat everything— 
all the expenses which he so incurred—as an extra under the contract, in accordance with 
Clause 13 of the Form, just as other extras are dealt with. In the very recent case of John 
Barker and Co. against the Hurlingham Club, where the whole question of extras was gone 
into, and, notwithstanding the opinion of the architect, the builder was entitled to treat 
compliance with by-laws as an extra, an omission. 

In conclusion, the lecturer promised to give written replies to several other questions 
which might be raised. _ 

THE INSTITUTION OF CIVIL ENGINEERS. ■ 

THE CANTON - KOWiOON RAILWAY: 
CHINESE SECTION. 

By FRANK GROVE. M.lint.C£.. and 
BASIL TaViFIELD BERIDGE BOOTHBY, AsMK!.M.lMt.C.£. 

The following is a short abstract of a Paper read at the OrMnary Meeting of ihe 

Institution on January eSth, 1913- 

This Paper k in two parts, the first, by Mr. Grove, dealing with the geneml constmc^ 
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tibn aad equipment, while the second, by Mr. Boothby, is an account of the largest 
two bridges of the East River Delta. 

The Canton-Kowloon Railway has been constructed in two sectioius: one, eighty- 
nine miles in length, in Chinese territory, from Canton to the Shum-chun River, the 
northern limit of the British leased territory in the Kowloon peninsula; the other, 
twenty-two miles long, through the latter territory to Kowloon. The former section 
has been built by the British and Chinese Corporation; the latter by the Colonial 
Government. 

The Chinese section of the line crosses the East River at Shcklung. The first 
thirty miles from Canton is alluvial plain not subject to heavy floods; the next twenty- 
six miles crosses the Ea.st River and its tributaries and is subject to heavy floods; while 
the last thirty-throe miles is for the most part hilly country with intervening plains. 

The East River valley, which is about forty miles in width, is deltaic, and in the 
tan miles between mile 31 and mile 41 there are seven bridges, aggregating thirty-one 
spans, with a total length of 3,248 ft. 

The cultivated ground throughout the East River valley length is 7 ft. to ii ft. 6 in. 
bekw the highest known flood. For purposes of cultivation the whole area is protected 
by high bunds or banks. Formation was carried 2 ft. 6 in. above the highest flood 
record for (thirty years, which gave a bank averaging for many miles 14 ft. high, and 
at approaches 24 ft. w more. These banks have been protected against wave- and 
flood-erosion by stone pitching. In times of excessive flood many miles of (this portkxi 
of the line will be a causeway through open water 8 or lo ft. dee|). Its security will 
be aided materially by proper maintenance- of the pitching; while the fact that floods 
lise slowly and hacking up takes place evenly on both sides of the bank gives additional 
security. 

Earthwork and all other works were carried out by petty contract, .\bout 350 
contracts were entered into with Chinese contractors. Day-labour gangs were mostly 
confined to special brldgework, such as caisson-sinking, pumping, etc. 

The minor bridges and culverts and all the large Iwidges but three were built in 
cement concrete. Good cheap cement and good sand were procurable locally; but the 
objection of the Chinese to quarrying their native hills gave rise to considerable 
difficulty in obtaining stone, and granite for the larger bridges had to be brought from 
Hong-Kong, although good local stone was plentifui. 

The steelwork for the bridges was designed by the consulting engineers to the 
British and Chinese Corporation (Sir John Wolfe ilarry and Mr. A. J. Barry), juid 
was built in England under their inspection. It was designed generally in accordance 
with the standard Indian practice, but for a standard loading 10 per cent, above the 
Indian standard loading of 1903, having regard to the probable requirements of the 
future.. 

There are fourteen stations and thirteen halts. With the exception of the Canton 
terminus, ail the stations are of the simplest character possible having regard to exist¬ 
ing requirements. The platforms, except at Canton, are 6 in. above rail-level. 

The two bridges described in the second part of the paper are those over the East 
River and (the Tung Kun River. Each has two shore spans of 60 ft., cx>nsisting of 
plate girders, while the waterway is bridged in the former with three and in the latter 
with four 224-ft. spans of Warren gir^s. The East River at Sheklung has a 
maximum tide of 3 ft., and its low winter level is 7 ft. above Admiraltv datum at 
Hong-Kong. 




_ Borings showed red marl at 30 to 65 ft. below low water; the overlying material 
varied between sand arid mud, coarse sand predominating. It was proposed to sink 
caissons * or 3 ft. into the marl, but it proved to be practicallv rock, and the depth 
proposed could not be reached. , 

■ A contr^t for the eonorete and masonry was let to Mr. Y. T. Chao, a Chinese 
coptraotOTtiv aiw pias,, sttccessfully carried out by him, notwithstanding delays and 
arid ewttnotion among the populace caused by the importation of 

awtlkati oopliW; and girdiMrOre^oo was carried out dimaitmentally, 

;P«ty |0t riveting and oraer work where possible. 

, and cutfcs 38 -Ii by ai, ft, q in. were ackmtied for the 

steelwork being built at Hong-Kohg and sent up to 
fi . -The-bottom ring of each caisson was buift cm -a cradle on 
i rMted and eaulked, was launched. The seoorki and third 
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rings, making a total hdght of 23 ft. (East River caissons) were then added,^ and wl^ 
concreted to a draught of 16 ft. the caisson was towed to the site, its position being 
adjusted by anchors. The caissons for the Tung Kun bridge were 14 ft. deep, and of 
two rings only. They were built at the East River launching-ways and had to be towed 
and warped three miles to the Tung Kun bridge, which, owing to the resistance offered 
by each double octagonal caisson in even a moderate current, proved to be a very 
ttoublesome task. One caisson broke loose and fouled the caisson for No. 3 pier of the 
East River bridge, which was in ijosition ready for pitching and already cojicreted to a 
draught of 16 ft.; two days later both caissons were carried down-stream tc^ethcr, but 
were stopped by the dw^ijer grounding on a sandbank about a quart('r of a mile below 
the bridge, whence both were recovered. 

Concrete was used for steining the walls, and was brought up in. lifts of 4 to 7 ft., 
the .same shutters being used over and over again. On Ihc whole the use of concrete 
proved very satisfactory, especially in giving weight for sinking, ^'hich, in the author’s 
opinion, i.s of the utmexst importance, inie double octagonal caisson-walls were 
5 ft. 6 in. apart, and this thickness was carried up in the well-walls until the pier- 
footings were roachid, providing a sinking force of 5 cwt. to 8 cwt. per sq. ft. of under¬ 
ground surface when the well was nearing foundation-level. 

In the foundations of two of the Tung Kun ])iers stt'eply sloping sandstone rtK'k 
was fneoun^ered, and the caisson of one pier tilted i ft. q in., divers finding that w'hile 
the west side was in the rock the east side was still in sand. 'I'he cast well was then 
filled with sand, and by blasting around tho,cutting edge in the west well the pk'r was 
sunk another ft. As it wjis found that the east well was then on rock all round, 
the pier was founded thus, the masonry having to be partly dismantled and rebuilt owing 
tc the till of the })icr. 

The 224-ft. Warren girckrrs have eleven bays, which arc 21 ft. between the centres 
cf triangulation both vertically and horizontally. They are for a single line, and are 
decked with {l-in. steel plate, the rails being tarried on longitudinal liardwood sleepers. 
The complete weight of each 224-ft. span is alxiut 350 tons. 

After being erected one behind the other on shore, the spans were pushed forward, 
by means of hydraulic jacks, on to the ends of Launching-jetties, and there lifted on a 
crib of slecfxa's by loo-ton ssliip jacks. Docks had been prepared insidei the launching- 
jetties and when a sp-an had been raised to the proper height on the jetties pontoons 
were brought under in a flooded condition. On these pontoons, when pumped out, the 
spans were floated into positioni. Each launch took one and a quarter to three hO'urs. 

Mr. Grove was the Engineer-in-Chief, Mr. Boothby being the District Engineer of 
the .Second Section. 
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NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Un^er fMs htRding relUMe InfomuiHon xatll be presented of new works tn coarse ot 
construction or completed, end the examples selected will be from all parts of the world. 
It is not the Intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the destgn.~ED. 


NEW BUSINESS PREMISES IN REINFORCED CONCRETE AT 

MIDDLESBROUGH. 

The following are s 5 me particulars of the new premises recently opened for Messrs. 
Ncwhouse, Ltd., in Middlesbrough. The premises comprise large drapery stores, and 
reinforced concrete formed the chief constructional material, it being used for the 
entire internal construction. There are some unusual features in this particular 
building to which we would draw attention. 

Owing to the impossibility of obtaining sufficient depth for some of the main 
beams carrying exceptionally heavy loads, spiral armouring was introdi^ced into the 
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toj) part of the beams at the centre of the span so ais to increase the resistance of the 
plain concrete and thus enable the designers to exceed the usual limit of stress in 
concrete 600 lb. per sg. in. 

Our illustration on page 206 shovtis the reinforcement of a beam of this type in 
position. It will be noted that the stirrups are hooked into the concrete at their upper 
extremities. 

The irregular shape of the sate also made the question of designing the beams 
l^rticulariy difficuH!, as the bending momenits had to be calculated for points and 
aistributed loads of varying amounts on beams continuous "over spans of different 
lengths. 

WO ilive some idea of the size of the premises, we would mention that the total 
area of the gVound floor, exclueive of window space, is 28,459 sq. ft., the shownxmis 
and iMive an area of 2,513 sq. ft., whilst the workrooms occupy 3,863 ft. 
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Tte use of r'Mwforced concrete in buildings of this kind is of the greatest advantage 

and importance on account of its fire-4'esistaoce. 

The designs of the reinforced concrete system here adopted were those ot the 
Conski^te Construction Co., Ltd., of Westminster, S.W., and the work was carried 
out by tiieir licensee contractor, Mr. E. Newhouse, of Middlesbrough. 



Reinforcement of Beam. 

Nbw Premises for Messrs. Newhouse, Ltd , Middlesbrough. 


CONCaETE BLOCK COVE TO SHANO WALL. 

The wall illustrated on page 207 is made of “ Winget ” blocks, and is 388 ft. long and 
19 ft. 6 in. high, 3,713 blocks being used in its construction. TTie blocks were built on 
the batter and kept slightly in advance of the depth of shuttering at the back when 
concrete in situ was fiMcd in. The work was carried out by the Ilfracombe Urban 
District Council under the direction of Mr. Oswald M. Prouse, A.M.Inst.C.E., 
Surveyor and Harbour Engineer to the Council. 

Similar blocks were used by the Council on other works carried out by them, 
including Forty-steps Wall, the Manor Stables, the Stone Depdt, etc. 


SOME AMERICAN EXAMPLES. 

CONCaSTE MAaKET HOUBE. FOaT WAYNE. INDIANA. 

Concrete will enter most effectively inito constructions of all kinds when its real value 
is understood, from the point of ornamentation as well as durability. 

The Jilarltet House, here described, is just south of the dty hall. Its two pavilions 
ape the <ShNf decbrJ^ive features of the steucture, being connected by steel arches 
woifuiieilist^^lf^ng etecMd lights. Thwe Is a dmilar pavilion, no less ornate, at the 
luraier Ihe Rupture, • 

The ^tire lei|gdb lE'4^ ft., and the widdi of the structure from curb to curb is 
ji& ft, S H The gen^rhl stfhifime of architectare is classical, the pavilions being of the 

■ Ihute drifter. Ttetee although built upon a/ore of Irickwork, present an 

observer. It is concrete of a peculiarly pleasing 

■ V afei-v 
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suiface, b^>ng made of white sand and Medusa white oemerat, with an aggregate of 
bhd’s eye or roofing gravel. 

When the forms were removed the surface was scrubbed with wire brushes, 
exposing the aggregate. The capitals of the columns were cast in glue moulds, and 
other ornamental features, such as rosettes, keystones, etc., were cast in plaster moulds 



and set in place as the structure went up. The columns «we cast in place in the 
same manner as the columns for .the main part of the structure, herraftef d^cribed. 
The drinldng fountains were cast in place, complete with pipes, etc. Tlwse J^vliiona' 
contain the nuurket master’s offic€| as well as public toUet rooms, ©tc# lii tlie iMiip 
tart of the structure there axe fifty-four round cdumm, together with two 
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^ ^Sg'S'n 

t ^ ca^sa Ue aap! 



' ’(^pntUt' lifAitKitv 'Hitkw«i Foot' Wayii*, IswaSa, U.SJA. 



opstp^iofi ef t}^ 0<>itjmiis is M mows ; A rou^c^ 

five.' This oore was tn*de 6 m, in diameter th^ the 
finiiilied east to be iM. in thickness all roi^. Wh^ 
^ famis atere removed and the mould was t>ut m place around 
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this for the oompkte column. This mcnild was buik of wood, in four sections, with 
very carefully finished surfaces, and into this was poured the finish concrete, of the 
same mixture as described for the surface of the pavilions. The proportions of this 
ccnorete were one of white cement, two of white sand and three of the roofing gravel. 
Medusa waterproofing compound was also used in all of the concrete to the extent of about 
or 2 per cent, of the amount of cement. The forms were removed and the surface 
brushed after twenty-four hours. Long bolts were imbedded in the tops of the 
columns, extending upward for the purpose of anchoring the roof. For tne purpose 
of accommodating th^, a circular opening was cast in the caps of the columns, and 
this opening, after the caps were in place, was filled with concrete, thus serving the 
double purpose of holding the caps in place and also giving an additional anchorage to 
the bolts. 

The roof has a framework of wood, covered with red roofing tile. A concrete 
floor is laid over the entire structure. The tables are‘also of concrete, and 
are 112 in number, two tables being placed in each opening between columns. 
These tables are 5 ft. long, 2^ ft. wide, and will stand 2 ft. 10 in. above 
the floor. The legs are caist solid, but of slightly ornamental design. They 
are 4 in. thick, reinforced with a sheet of expanded metal, and were cast in a 
plaster mould, made in four parts on. a wood frame. This mould simply consisted 
of the fouf sides clamped together .and laid on concrete floor which was covered with 
oil paper. The ooncrete was then poured in, .and the top trowelled off smooth. These 
legs and the tables themselves were madp of a one to two mixture of ordinary grey 
cement and washed sand. The tables are ij in. thick, reinforced with a sheet of Page 
woven wire, and have a flange of about 3 in. extending around three sides, and they 

are also cast on a concrete floor in steel 
mould especially made for the puqxjse. The 
tables are bolted to the legs with four btJts, 
two being imbedded in each leg, and holes 
being pnwided for by the form for the 
tables lhemselv<*s. These bolt Iholes are 
countersunk with a small trowel. 

The .architects for this building were 
Messrs, Mahurin and Mahurin, and the 
contractors Messrs. Borkhenstein and Son, 
all of Font Wayne, Indiana. 

SOME CONCRETE HOUSES IN A 
CHICAGO SUBURE. 

Our illustrations show some concrete 
bungalows recently erected at High Lake, 
one of Chicago’s suburbs. It is reported 
that some forty houses in reinforced con¬ 
crete are also now nearing completion, at 
Nanticoke, Pa., U.S.A., where the walls 
-arc entirely of cinder concrete built by the 
use of steel forms, as was the case with 
the houses illustrated on page 210. 

SAFETY DEVICE FOR TUNNEL WORK. 

A ReMorced Concrete Door .—In conneotion with the new pressure tunnels now 
being driven beneath New York City for the Catskill water supply an interesting device 
is to be noted for storing the dynamite use® for blasting in. tl» tunnel. A dynamite 
rcom has been hollowed out of the solid rock 250 ft. undi^ground and connected to the 
tunnel by a narrow passage about 20 ft. long. At the end of this passage nearest 
the storeroom a massive concrete- frante has keyt^ kito tHe rock walls, bevelled 
at an angle of 2o°.» This frame has been fitted with a reinforced oonotete doer 
similarly bevelled, as will be seen from the iUustrafion. This dodr is, built around 
five 15-in. I-beams with reinforcing rods passing through and betwean them, and it 
swings on a 3-in, steel pin. The weight of the dtoor is 2 tons. The door is 
to only open two-thirds the full way, and its objects to reduce the force cli.the 
shock in the tunnel in the event of an explosion erf ston^ dynamite ao<d' to prot^t the 
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dynamite from excessive shocks from blasts in the tunnel, as in eithea- case the door 
would be closed by the difference between ^e air pressures on the two sides. 

We are indebted to the Engineering News, U.S.A., for our illustration and 
particulars. 

A REINFORCED CONCRETE HOTEL IN THE PHILIPPINES. 

Thk new Manila Hotel recently completed is reported as being not only the Uirgest but 
also the costliest structure in the Far East, and it is undoubtedly the largest in the 
Philippines. 

The building is constructed in concrete and steel throughout, with the exception 
of some of the floors and ceilings in the larger rooms, where highly polished Philippine 
hardwoods were employed. There are seven stories from basement-level. 

The hotel is well equipped; all the most modem steam and electric cooking 
apparatus being installed. There are steaming and refrigeratfiig equipments on the 
roof garden floors and in the reception halls for heating and cooling food. 

Every convenience is to be found in the hotel in the way of large reccptioni-rooms, 
billiard-rooms, etc. There are several roof gardens,* verandahs, and balconies. 

Ihe building rests on a solid foundaition of hardwood piling driven to a depth of 
52 ft. 6 in., and, with the grounds belonging to it, covers a very extensive area. The 
grounds ajje laid out tastefully and attractively with lawns, shelled drives, sunken 
gat dens, and fountains. 

The building was erected at a cost of yearly $50,000, and native labour was used 
to a great extent under the direction of American superintendence. 

We are indebted to Concrete-Cement Age for the illustration and particulars of 
this building, as also of tht^ houses illustrated on page 210. 



The New Manila Hotei.. Philirfimb Iblanm. 
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NEW BOOKS 

AT HOME AND ABROAD. 

A short sommsiy of some of the leodhto hooks whlrti hove oppeored dortng the tost few months. 


"Battmatlac for Kolaforeod Ceaeroto WarM." 
Br T. E. Colomaa* 

London B T Batiford, 94 High Holborn 143 pp 4-s, 
price *1- net 

Contents .—Introduction—General Prin¬ 
ciples of Construction—Measurement 
of Reinforced Concrete Work— 
Materials for ^Concrete—Surface 
Finishing for Concrete—Prices for 
Concrete Work—Prime Cost of 
Materials for Concrete—Analysis of 
Prices for Concrete—Carpenters’ 
W’ork—Materials for Centering— 
Prices /or Centering, Sheeting, etc.— 
Analysis of Prices—Materials for 
Metal Reinforcement — Rdnforce- 
ment Systems for Concrete—Prices 
for Smiths’ Work—^Analysis of Prices 
for Steel Reinforcement —Materials 
for Reinforied Concrete Piles— 
Systems of Reinforcement for Con¬ 
crete Piles—Prices for Reinfocced 
Concrete Piles—Prices for Piles Com¬ 
plete—Ordinary Steel and Concrete 
Construction — Reinforced Concrete 
for Special Purposes. 

This is a very useful little book dealing 
with the measurement and pricing of re¬ 
inforced concrete work. A portion of the 
matter recently appeared in a series of 
ardoles in the Butldmg News, and addi¬ 
tional notes and prices have been added 
and the whole carefully revised to date. 
The items and prices are based on the 
average cost of piaterlals and labour in 
the London district, and consequentlv 
adjustments must be made, if necessary, 
to suit varying local conditions. 

The materials for concrete, and also 
surface finishings, are described, and 
many useful tables are included in this 
section of the volume. Special chapters 
are devoted to the materials and prices 
for piles, and the various systems in use 
for gen^l reinforced concrete are de¬ 
scribe and illustrated, although these aroi 
by no means cotnpleite; and this is also 
the case with the svstems described in the 
cha|3ter deatUtg with ordinary steel and 
concrete oonstructkm, m many important 
systems are omitted, an^ it would not 
have entailed very much time if these had 
heehi more oompiote* 

T1m( VOluMie hr well worth the price 
asked far ki end fhOMtd prove very useful 
ata * * * 


to those connected with the question of 
estimating for rdnforced concrete work. 

** CaMMll’a R«lafore«d Coaeret*.'' Edltad hr 
Baraard E. Joaa*. 

London CafieU & Compan), Ltd , Ln Bollo Sauvago, 
EC 398 pp +az, price IS/- net 

Contents. —Introduction — What Rein¬ 
forced Concrete Is—Historical Notes 
—Cooorete—Materials, Proportions 

and Mixing — Steel-Stress Simply 
Explained—The Theory of Rein¬ 
forced Concrete—^The Erection of a 
Reinforced Concrete Building— 

Forms and CcnterLngs— Systems De¬ 
scribed—\rchitectural and Surface 
TreatmMiit of Reinforced /"'oncrete— 
Durability of Reinforced Concrete— 
• Waterproofing Concrete—Specifica¬ 

tions, Quantities, Measuring, Esti¬ 
mating and Pricing—^Arches and 
Bridges—Examples 

This new volume certainly deals with 
the subject of reinforced concrete in a 
manner unlike any other bcxik that has 
been published in the country up to the 
present, as great attention has been paid 
to the practical side of the subject, and 
an endeavour made to produce a comnletc 
treatise that will be a guide to all those 
interested in the material, without assum¬ 
ing that the reader already possesses a 
certain amount of knowledge. The f.ict 
that various portions have been con¬ 
tributed by writers possessing a special 
knowledge of that pmrlion of the subject 
with which they had to deal should 
naturally tend to produce a reliable 
volume, and we feel that the value of 
this book will be due in a great measure 
to this fact. The comparisons between 
plain cxincrete, steely and reinforced con¬ 
crete are interesting! and these are given 
by means of diagrams and tables, which 
illustrate comparative sizes, weighits and 
costs in a manner which give a good idea 
of the value of reinforced concrete as a 
structural material. Special mention 
must be made of the chapter on Forms 
and Centerings, which is lllustraited'with 
numerous excellent diagrams which cover 
almost every conceivable case that will 
occur in practice, from a small fence post 
to a tall chimney, and the whote of these 
are ta]ken from actual examples, which 
enhances their value. The notes on the 
erection of a reinforced concrete building 
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describe the method of carrying out a 
large factory, and they cover the arrange¬ 
ments for dealing with the various 
materials on the site, the plant and tools 
to be used, and the method of procedure 
to be followed in the actual execution. 

Owing to the extensive use of rein- 
forced concrete at the present time, and 
to the necessity of obtaining tenders for 
this class of work on a fair ba»s, con¬ 
siderable attention is now being paid to 
the question of preparing quantities, and 
we are glad to see that a chapter is in¬ 
cluded on this portion of the subject, 
although this does not deal with ithe 
matter as fully as would be possible. The 
theoretical portion of the subject is dealt 
with in a very simple manner, every defi¬ 
nition and symbol being explained as fully 
as possible, in order that the reader may 
be quite c<jnversantt with the elementary 
principles. The reader should experience 
no dimcuky in following the various for¬ 
mulae and calculations given, and more 
especially as the construction of the 
former are clearly shown step by step, 
and no knowledge of advanced mathe¬ 
matics is necessary. 

The whole volume is written and pre¬ 
sented in such a way that it should appeal 
to architects and students, who are often 
inclined to look upon the study of rein¬ 
forced concrete as a matter involving a 
tremendous amount of time and a good 
knowledge of higher mathematics, and 
they are apt to avoid the subject and leave 
this method of construction to specialists 
without being in a position to check the 
calculations or prepar<! a specification. It 
should form an excellent book of refer¬ 
ence for architects, and prove very useful 
to students preparing for examinations, 
and would, we considf^r, be a very good 
text-book for class purposes. 

"Traasactioas and Notaa of the Conereto 

laotituto.’* Vol. lV.^Part III. 

Published at the OfSces of the Inetitnte. Denison House. 

296 Vausball Bridge Road, Westminster. S.W. 

This volume contains some notes as 
to the membership of the In^itute, its 
library, and an account of various works 
and buildings visited.^ It also contains 
a paper, with illustrations, read by Regi¬ 
nald Ryves, Assoc.M.Inst.C.E., on "Calcu¬ 
lations in the Design of a Thrust Buttress 
Masonry Dam,” and a much bd^ited one 
by Richard L. Humphrey, M.Ittst.C.E., 
on " Fireproofing,” read in 1911. These 
papers have already been am^y reported 
tn our journal. 


Spea'a "Arehltaets' aad Balldars* Prtea Book 
aad Dtanr," 

Published by B. k F. Spon, Ltd., 57 Haymarket, S.W. 
Price 3/> net. 

Spon’s " Architects’ and Builders’ Price 
Book and Diary for 1913 ” is a most 
valuable reference txx^ for all those con¬ 
nected in any way with the building 
trade. It maintains the high standard 
of farmer issues, and the prices, etc., 
have been thoroughly revised and brought 
up to date. The usual order of trades 
is adopted as in a well drawn-up bill of 
quantities, and there is also a fully de¬ 
tailed index to theSe trades. 

Lockwood's "Bulldors’ and Contractors 
Prick Book for 1913." 

Published by Crosby, Lockwood Ik Son, 7 Stutionsrs' 
HhH, Ludfiate Hill. Price 4/-. 

This price book is published for the use 
of architects and surveyors and those con- ’ 
nected with the building trade, and main¬ 
tains its very high standard. 

In this very useful handbook the first 
part defils with every class of building 
work, and the prices and wages tables 
have been carefully revised and brought 
thoroughly up to date. There is a sec¬ 
tion dealing exclusively with electric 
lighting, also a list of London district 
surveyors, and particulars of the boun¬ 
daries of their districts to accord with 
the changes made by the London County 
Council, as well as a list of surveyors 
of the various metropolitan borough 
councils and their addresses. 

In the appendices will be found tables 
of weights, areas, etc., solicitors’ costs, 
■Stamp duties, tables for the valuation of 
leases and estates, legal notes and 
memoranda, and a great amount of other 
valuable information. A copy of the 
London Building Act, with its numerous 
amendments, is included. 

" Feaadatleaa unci Maekiaery Flztttg." By 
Fraaoto H. Daylaa. A.M.I.E.E. 

London: Constable & Company, Ltd., 10 Orange Street, 
Leicester Sqnare, W C. 152 pp., price 2 • net. 

Contents .—^The Functions of Founda* 
tions, Nature of Soils and Piling— 
Trial Bores—Design of Foundations 
— Design — The Proportions ci 
Foundations for EngJnik, Turbines, 
and Dynamo-Electric Macbiftery— 
Materials for Foundations—^Holding- 
down Bolts and Anchor Plat^^Ex- 
cavation—Ccmstruction of Foun^ 
dons—Vibration: Its, Causes and 

' ■' til . 
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Effects — Vibration; 

Isolating Machinery—The Fixing of 

Electric Motors. , 

The question of the design and cw- 
struction of proper foundations for ma¬ 
chinery is one that is very often over- 
fS and this despite the f^t of the 
great trouble that often arises through ex- 
Ssive vibration, which tends to injure the 
machinery and create a 
nccuoiers of any adjacent buildings, 
con^deration of the most suitable founda- 

tion to adopt is jS® Uh^hb 

every engineer who is.connect^ with this 

type of work; but we agree with theauthcr 
th^ it is a matter which also greatly con¬ 
cerns the architect, and 
tween the two parties is ^ 

author deals very thoroughly with the 
points to be considered in tte design of 
the foundations for various types of ma¬ 
chinery, and there are numerous u^ful 
tables and diagrams m the volume, the 
?^tionof vibmtion is dealt with in av^y 
hlSeSing manner, and the examples 
Sven are^ sufficient to impress upon the 
reader the importance of making a study 
5 thi problem. Many remedies are given 
and various patent systems described, 
and there should be no difficulty d^'i^ 
with any type of machinery provided the 
matter L fully considered in the “J- 

stance. We have no hesitation in recom¬ 
mending this little book to our readers, 
who will find it both interesting and 
useful. 


•• Structural Daalgn—Elrmenls.” B» Horace 
R. Thayer. 

London: Conutnble & Company, Ltd. 221+vii pp, 
price 6/- net. 

Contents. — Materials — Comn^cial 
Shapes—Wooden Structures—Fabri¬ 


cation of Structural Steel—^The Engi¬ 
neering Department. 

The author has assumed that the reader 
possesses a knowledge of mechanics, 
stresses, and mathematics sufficiently ad¬ 
vanced to enable him to follow the for¬ 
mulae, etc., without any detailed explana¬ 
tion of the elementary principles. 

The greater portion of the book is de¬ 
voted to the practical rather than the theo¬ 
retical consideration of structural work, 
and it includes a full description of the 
fabrication of structural ^ steel, together 
with notes on the organisation and ad¬ 
ministration in the shops and yards of the 
merchant. This portion is instructive, and 
contains a large amount of information 
seldom found in text books of this class, 
the examples described ibeing all takem 
from American practice, as the author is 
engaged at the Carnegie Technical Schools 
at Pittsburg. The notes on materials in¬ 
clude timber, cast iron, wrought iron, 
steel, • alloys of steel, and paints, and 
although these are not very full or in¬ 
structive in the chapter having this head¬ 
ing, there is a good description of the 
manufactiure of the commercial shapes in 
the following chapter, which is clear and 
useful. 'Fhere arc a large number of pages 
allocated to the consideration of the pro¬ 
cedure in the engineering department 
which covers the preparation of specifica¬ 
tions, the designing of_ connections and 
members, the preparation of drawings, 
checking, examination of structures in 
use, and failures, and there are many use¬ 
ful hints and notes under these various 

sections. , . , j 

It should F»-ove a useful volume, and 
indicates a thoroughness on the part of tlw 
author which is commendable, and the 
various matters are presented in a clear 
and explicit manner. 





REINFORCED CONCRETE TENNIS COURTS. 


POPULAR USES. 

Under this heading it is proposed from time to time to present parttevlvs of the more 
popular uses to vihtch concrete and reinforced concrete can be put, as, for instance. In the 
construction of houses, cottages and farm buildings-—ED. 


REINFORCED CONCRETE TENNIS COURTS. 

The question of reinforced concrete for tennis courts has of late aroused considerable 
interest, and, in view of the incTcasing demand for hard courts, which shall be avail¬ 
able throughout the year, we present the following particulars as to how these courts 
were built in Northern Michigan, U.S.A. Our informant writes as follows:— 

In building the concrete tennis court here illustrated, a sand foundation was 
utilised, as the nature of the land was nothing but sand. The court was built the 
regulation size, allowing 4 ft. on all sides for playing. It is 6 in. thick, reinforced 
with fence wire, the concrete being mixed about one to eight, and the facing a good 
mix, f in. thick. Care was taken to put expansion joints through the entire thickness 
of the concrete. These were made with a sand joint in the rough concrete, and the 
ff cing was merely cut through with a tro\^cl when it was nearly set so as not to be 
roticeable on the surface. Any cracks resulting from changes in the weather will 
naturally follow the.se joints and in no way be conspicuous. The principal reason for 
reinforcing this concrete w'as that the climate in northern Michigan is rather severe 
through the winter, which would subject the court to unusual strain. In an ordinary 
climate this would scarcely be necessary. 

A pitch of 3 in. was made, the high point being in the centre at the net, and 
pitching back both ways. Drain tiles were set in along each side of the court and 
ca,rried to a point of discharge. 

The boundary lines of the court were constructed by putting in a wooden strip 
in. wide, lined up perfectly true, and this is an important item, as an uneven line 
would be disastrous to the appearance of the court. After the top coat was finisfud 
these strips were removed and filled with white cement. 

It was the intention to secure a green surface for the court, and to this end the 
best green colour w-as procured, but this caused great disappointment, as, owing to 
the chemical action betwf'cn the colouring and the cement, it faded to the natural 
cement colour. A ciement paint was then used, which gives the court a very nice 
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appearance, but, our informant states, it will not endure for more than a season, when 
it will have to he repainted. 

It was endeavoured to find a guaranteed green colour for cement, but so far 
without success. It is yery easy to get a brown colour, which serves the purpose just 
as well, but painting is not recommended as it only lasts a short time. 

Care must bo taken to get the court perfectly level, except in the direction of the 
pitch. 

The court above described was built by Mr. F. H. Beaumont, contractor and 
builder of Cadillac, Michigan, and we are indebted to him fw our particulars and 
illustrations. 
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HemonntlM and News Items are presented under this heading, with ocdkslonal editorial 
comment. Authentic news will be welcome, — ED, 


The Concrete Institute.—An imU’T'rstin^ paper-was read on February i3t\h at the 
Thirty-second General Meeting by Mr. S. Bylandcr, Chairnuin Junior Institution of 
Engineers, on “ StM Frame Buildings in Londim,” of which a short report will be 
published in a subsequent issue. 

The Concrete Institute have formed a special Investigation Committee for the • 
purpose of considering the action of the l.ocal Governmtmt Board in respect to loans 
for reinforced concrete construction, and the committee will be pleased to have any 
information which can be furnished upon the matter. Among othw things, the 
committee is desirous of obtaining information as to specific cases in which the Local 
Government Board (a) have refused to grant a thirty years’ loan period, (b) have 
granted the full period. 

Scottish Junior Qns Association .—A paper on the “ Construction of a Gasholder 
in a Reinforced Concrete Tank ” was read in the course of the month by Mr. G. P. 
Mitchell, of Dundee. ITie pafyer referred to the increasing of the gasholder storage 
ft the .Alloa Gas Works by utilising a brick-built tank containing a single-lift holder 
o' a capacity of 75,000 cu. ft., increasing the depth of the tank by constructing a waU 
of reinforced concrete, and erecting in it a threc-Uft holder equal in capacity to 
280,000 cu. ft. 

.Apart from the necessity of increasing the storage capacity of the works, the 
single-lift holder had ibeen constructed so that the pressure thrown was only 22-ioths. 
F'or several years the gasholder had been of almost no practical value, as the day 
pressure required to meet a largely in'creased demand for gas for engines and cookers 
is 30-ioths. 

The old tank was brick built, having a puddle bottom. It was erected in the year 
1862, and had proved watertight, and, generally speaking, was known to be in a 
satisfactory condition. The work of emptying the tank was completed in twenty-five 
hours. 

On examining the tank it was found to be in splendid wmdition. As a precaution, 
however, it was decided to point the brickwork with cement; and after picking the 
joints, the walls were thoroughly washed with a_ pressure of water from a hose, 
preparatory to cementing, in order to clean out the joints. 

The rest blocks had to be replaced by new ones, due to the difference in centres. 
They were inado of cast iron and laid on a concrete foundation. 

The required depth of the new tank being 20 ft. q in., it was necessary to raise 
the existing wall bv 5 ft.; and consideration was given as to whether this should be 
brick built or reinforced concrete. It was trititnately decided to build a reinforced 
concrete circular wall to the required height. The reasons for adopting reinforced 
concrete instead of brick were as follows: (i) The relative lightness of the additional 
dead load superimposed on the ol(J brick, wall. (2) The superior watertightness of 
reinforced oocicT’ete ov^ brick—more espeoially in this case, whwe the superimposed 
wall is not backed b- clay, but is entirely above ground. (3) The rehabimjMf rem- 
foroed concrete against the bursting pressure of the conlain^ watier4 ■ ■ 

The inside diameter of the tank wall is 81 ft. n in.; and the thickness the 

reinforced concrete circular wall is 8 in. . 

Having stripped 15 in. off the coping of the old walj, a 44-10. channel was cut out 
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itt the ceirtre of the brickwork—thus forming a groove and binding the old and now 
work tc^etber. 

The standards of the gasholder are carried on ten rdnforced concrete buttresses, 
c.)ually spaced round the outer circumference of the tank; and the foundations of these 
buttresses were carried right down a considerable depth to a hard subsoil. In front 
of each buttress 4^ in. of the brick wall of the tank were cut out so as to tie the 
concrete to the old brickwork. In each buttress a vertical bar was placed at each 
corner, and kept in position by |-in. diameter bars at 6-in. centres. The buttresses were 
brought up to the ground level before cementing to the wall. After the concrete had 
set, the space left was filled in with puddle, which was well watered and rammed in. 

After excavating for the new i8-in. diameter inlet and outlet pipes, the concrete 
foundation for fhe drip-box was laid. A hole was cut through the wall to allow for 
the length of pipe; and a suitable concrete foundation was made inside the tank to 
receive the duck-foot feend. The drip-box, length of pipe, and duck-foot bend were 
then set in, coonectied together, and carefully tested. Concrete was packed round the 
drip-box arid bend until the top of the pipe was covered, the wall being rebuilt and 
puddled inside and out. 

The ground being cleared and levelled, the work of erecting the w&ll was started. 
The horizontal reinforcing bars of the reinforced concrete wall are carried into the 
buttresses; but the wall itself was sufficiently reinforced to resist the bursting pressure 
of the contained water without the aid of the buttresses. For this purpose the main 
tensional reinforcement is carried horizontally, and the sectional area of the bars is 
reduced from the bottom upwards in proportion to the jireasures. All horizontal bars 
were overlapped 4 ft., and thoroughly anchored in the concrete at their ends by means 
of right-angle bends; and vertical bars were also placed, staggered at back and front 
(4 the wall, to distribute the stresses—the two sets of bars forming a comjjlcte 
grillage of steel in the concrete. 

At the top of the reinforced c-ontTete wall a gangway or platforin i ft. 8 in. in 
bieadth was formed right round the tank, proje-eting in cantilever form from the wall 
I ft. 8 in. This was also constructed in reinforced concrete 4 in. in thickness. 

The total weight of steel reinforcement used in the reinforcement of the wall, 
gangway, buttresses, and their foundations was 6-J- tons. .All steel used was ordinary 
o-immercial rounds. 


'Fhe concrete used for the wall was made in the following proportions : Gravel, 
free from sand, and all to pass tlie |-in. ring, 27 cu. ft.; sarnd, 13^ cu. ft.; P<yrtland 
cement, yi cwt. This gave a jwirticularly close-grained and dense concrete; and the 
concrete was also Ihoroughly consolidated w'hen in position b«;twocn the centering 
boards by means of vigorous ramming. No waterproofiing comfXHinds were used in 
the concrete, nor was any rendering of the wall after completion done. But after the 
removal of the boarding the surfaces of the wall were brushed over with two separate 
coats of Portland cement grout, thoroughly well rubbed in. The reinforced concrete 
wall, since being brought into use, has b^n found watertight. This portion of the work 
has proved eminently satisfactory in respect of efficiency and economy in capital cost. 


A Very Large Relaforced Concrete Column was tested in the Pittsburgh 
Laboratory of the U.S. Bureau of Standards on December 14th, 1912, before a 
ddegation from the National Association of Cement Users, meeting that week in 
Pittsburgh. It is reported to be the largest reinforced concrete column ever loaded to 
destruction. It was a hooped column 16 ft. long, 30 in. in diameter, with a core 
diameter of 27 in., giving a total core area of 572-55 sq. in. The reinforcement 
cfijfiist^ of seven longitudinal lA-im round rods, a i-m. wire helix, with 3-im pitch 
and thirty-one flat spirals of No. 5 wire of three turns spaced vertically 6 in. centre to 
centre. The cdumn commenced to showi signs of distress about 1,500 lb. per sq. in,, 
core area, and failed at a total load of 1,800,000 lb., or sJbout 3,100 lb. per sq, in,, 
core area.— News. 

-r 'order to facilitate the handling and storage of goods discharged 
from vessels at l^tigt;iay, four large depdt sheds have just been inaugurated. Each 
sh^ measures ido m. By ^ m., has two floors, and is solidly constructed of iron and 
rejjfirforc^dcoocfetew'!: A third .floor'ram easily be added if required. The work was 
contract with the Govemmrait by the German General Building 
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Coacret0 Chimney of interesting Design ,— A concrete chimney recently erected 
ar a stwl plant near Hamburg many interesting features besides its great height 
OT 320 It. .\mong the^ are its acid-resisting lining, made absolutely necessary because 
the purpose of the chimney is to carry awav smelter-furnace gases; the special heat- 
resisting lining which extends from the top of the base to a height of 66 ft., and the 
irassive nature of the chimney’s base. 

The chimney, which is round in shape, tapers from an outside diameter of 30 ft., 
at the baM, to ii ft., at the top, where the free opening is 9 ft. in diameter. Imme¬ 
diately below the chimney proper is an underground vault, 13 ft. in height, which 
serves as an inlet for the gases. 1 his is octagonal in shape, 36 ft. in diameter, at the 
base, and 31 ft. in diamet^, at the top, and rests on a concrete block 7 ft. thick and 
42 ft. in diameter, which is in turn supported bv 237 woodeai piles, the space around 
and between which is filled in with concrete, 'fhe reinforcing of the diimney 
consists, in part, of forged-iron rings imbedded in the concrete at intervals of about 
6 ft. throughout the entire height. 
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Square Inches of steel per Lineal foot Designing Diagram tor CantUever 

p 0: 04 06 08 10 u 14 » IS M 24 Reiatorced Concrete Retaining Waiis.- 

Mr. AV. D. Hudson, of the Missouri-Pacific 
Railway t'o., St. Louis, Mo., states he has 
found the accompanying diagram convenient 
in designing L-sliaped reinforced concrete 
retaining walls. ITie purpose of the diagram 
is to ascertain quickly the proper thickness 
and reinforcement under different condi¬ 
tions of loading of the vertical slab in walls 
of the type shown in section on illustration. 
Its use may Ix'st be explained by means of 
examples tractxl out on the accompanying 
diagram. 

Example 1. —To de.sign the vertical slab 
at depth 15 ft. for a wall with surcharge 
angle of 30° and angle of repose 30°—-i.e., 
D= 15 , 0 = 30 ", «= 30 ”. 

At dejith 15 on the left-hand ordinate, 
proceed horizontally to the heavy dashed line 
A— A, and read on the nearest “ thickness 
curve ” 20 in. Proceed thence vertically 
upward and read at top of diagram 1*84 sq. in. 
per liin. ft. for the amount of reinforcing. 

other thickness is required 
^ ® ® ® ® by other conditions, the reinforcing area is 

Moments in Footpounds j,j^ same manner—thus, if 26dn. 

Diagram for thk Design of the Vertical thicknoss is required, reinforcing area equals 
Slab in Cantilever Retaining tVALLS. . ^ 

1 4 ^ iii« jp^cr iin** !(• 

Example a. —^I'o deagn a slab at depth 15 ft. for a wall with level surcharge and 
30° friction angle— i.c,, D = 15 , 0 = 0 , ® = 30 °. 

Where depth 15 intersects curve marked “^= 30 °, 0=0,” proceed vertically 
to curve marked ” Reference Line,” thence across to dashed line A—^A, and read slab 
thickness 13^ in. Vertically above read reinforcement of 1*24 sq. in. per lin. ft. 

The thicknesses of slab given are net thicknesses. Stresses used are; Tension in 
steel, 16,000 lb. per sq. in.; compression in»concrete, 650 lb. per sq. in.; straight-line 
formula us^ in the analysis. As may be seen, the slab may be designed for five 
different conditions of loading. 

It should be noted that the size of the base slab must be determined by some other 


means than given by this diagram'. 

For Any Slab .—^the diagram can be used for o«y slab of known bending monwint, 
as follows : Locate the bending moment on the scale at the foot of the diagram, folfcw 
upward to ” Reference Linc,’° and thence follow horizontally to the appropriate slab 
curve. Of course, where the horizontal meets the dashed line, the most economical 
thickness and reinforcement are found—».e.. the d«ign which realises the full allowed 
stresses in concrete and steel respectively ,—Engineering News. 
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Lining a Deep Shntt^ with Concrete. — The 1,017-ft. Kingdon double-compart¬ 
ment shaft of the Old Dominion Company at Globe, Ariz., has been lined with concrete 
delivered from the surface through a 4-in. pipe. Work was started near the top and 
carried on in lifts from 150 to 220 ft. high. Temporary timbers were placed along the 
sides and ends and across the centre of the shaft at the botttwn of each section and 
forms were built upon them. A permanent reinforced concrete bearer, 4 or 5 ft. high, 
was placed at the bottom of each lift. The forms were in 12-ft. sections and the concrete 
was made to run from a mixer at the top of the shaft into a hopj3«* and down the 
shaft through the 4-inj. pipe to the point where it was needed. At the lower end this 
pipe discharged into an ordinary steel bucket suspended from the finished portion of 
the lining above. In the side of the bucket was a hole connecting with a short steel 
chute which delivered the concrete directly into the forms. ITie Engineering and 
Mining Journal states that the concrete was dropped successfully in this manner for 
a distance of over 1,000 ft. in building the last section of lining.* The mixture was fed 
in regularly at the top and upper end of the pipe closed by placing a piece of canvas 
over the ofjening to stop the air current in the pipe and check the velot'ity of the 
concrete. The mixture was so dry thait no water appeared upon the surface after being 
well worked. Had a wetter mixture been used the water would have separated from 
the sand and stone, taking the cement with it and leaving a loan concrete behind. The 
long walls, of the lining were given a maximum thickness of 10 in. Old water pipes 
were cut into short lengths and placed in the concrete for weep holes through the wall. 
The concrete was a 1:3:6 mixture with ^ho coarse aggregate varying from J to i in. 
in size. With twenty-five men working two shifts daily the time consumed in placing 
the lining was eight months, although the actual work of concreting was done in 
100 days, or about 40 per cent, of the time consumed. Each of the two-shaft compart¬ 
ments is 5 by 7 ft. 2 in. inside the finished lining. The concrete lining, which was put 
in after the former wooden timbering had been destroyed by fire, gives 60 per cent, 
more shaft area .—Engineering Record. 


TRADE NOTICES. 

The Leeds OH A Grease Co. — We beg to draw attention to the concrete 
mould oil supplied by this firm for the purpose of preserving concrete moulds. The 
main points claimed for the grease are .as follows :— 

Utility .—The improved quality of the work when the oil is used, and the fact that 
it docs not deteriorate the work as many oils do. This latter point is imi)ortant in 
%iew of the paper given at the Concrete Institute re the dama^^ng effect of oils on 
concrete. 

Economical .—Low in price, easily applied, large covering capacity, always readv 
for immediate use. 

Wood Moulds and Shutters .—When used on these it saves its cost many times over 
from the fact that to a large extent it prevents the timber from warping—hence the 
fmber can be used many times where if it warped it would be of no further use. The 
timbers leave clean, and neith«- the face of work nor the timber is damaged in removal. 

The .Armoured Tubular Flooring Co., Ltd., state that they have used this grease 
for some years With satisfactory' results. The method they adopt is to very slightly 
grease with the oil the face of the board upon which the wet concrete is moulded, and 
vvl-ien it is sufficiently hard they have always fotnid it leave the moulds in a perfect 
rendition. 

The oil is at present also being used by Messrs. Perry & Co. in their work on 
the new Stationery Office. It has also been used on sewerage works, and it is also 
stated that such firms as the Engratic Patents Stone Co. and the Thames Patent Stone 
Co. use the oil. Full particulars are obtainaWe from the Leeds Oil and Grease Co., 
Chadwick Street, Leeds. 

Chubb A Sons’ Lock and Safe Co. Ltd.— This coiwpany is making doors in a 
solid slab (2 in. thkk) of reinforced concrete covered with steel plates of a ^jecial 
construction, which has just been patented. The doors are formed of two s^eel plates 
made to interlock in such a way that the intediocking pieces and the fastening rods 
inside between the two plates form the reinforcing members of the concrete ^ng. 
The concrete is put in from the open ends, which are then dosed by end f^tes prodded 
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with inturned and twiked pieces embedded in the concrete. Full particulars of these 
doors can be obtained on application to Messrs. Chubb & Sons. 

B. P, IV. Orimahaw, The Reinforced Concrete Fence Posts, Ltd., have 
removed their office from West Mill, Buntingfotd, Herts, to 8, Broadway Court, 
Broadway, Westminster, London, S.W. 


CATALOGUES RECEIVED. 

Maaan. Raaaome • verMehr Machinery Co. Ltd. —A new edition of this 
company’s catalogue on concrete mixers has just reached us. 

The book is not only well arranged and fully illustrated, but contains much that is 
of interest and use. 

A full description is given of the various mixers supplied by the company and thedr 
applicability to almost any kind of work demonstrated by the quotation, of examples where 
the mixers and storage plants are in. use. It will be seen that these appliances are 
equally useful for bridge work, hoppers, railway work, tunnel construction, road 
work, etc. 

There is also a section of the book devoted to steel piling and pile extractors. 

Copies of this catalogue can be obtained on application to the company at their 
address, Brunswick House, Westminster, London, S.W. 

Trusted Concrete Steel Co. Ltd. — We have also received a copy of this com¬ 
pany’s new catalogue on their “ Hy-Rib ” system. 

The advantages of the Hy-Rib and its varied application, together with a descrip¬ 
tion of its method of manufacture, are dealt with at length and illustrati^ by means 
af diagrams and illustrations. 

Specifications are given of how to apply Hy-Rib to walls, roofs, floors, ceilings 
and partitions, and the booklet con,dudes with an acoounit of some tests to which this 
system of metal reinforcement was submitted. Copies of the catalogue are obtainable 
from the above-mentioned company at Caxton House, Westminster, London, S.W. 
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EDITORIAL NOTES. 

THE LOCAL GOVERNMENT BOARD AND REINFORCED CONCRETE. 

It is quitewa current subject in these columns to have to complain of the apathy, 
not to say prejudice, with which reinforced concrete is still being’ met at the 
Local (iovernmeni Board’s offices at Whitehall, and although we are quite pre¬ 
pared to say that there has been some slight improvement during the past few 
years, the fact still remains that an ordinary building of very poor construction 
is far more likely to be favourably considered than the best of buildings in rein¬ 
forced concrete when a question of loan period is under review. 

Efforts, both official, semi-official and private, have been made to obtain 
some change in the I^ocal Government Board’s attitude, but, with some few 
exceptions as to individual cases, the general principle still seems to prevail of 
lcx>king upon reinforced concrete with grave suspicion. 

We now assume, however, that some further effort is to be made to modify 
this unfortunate policy, which costs the ratepayer so dearly and makes the 
British Government a laughing st(Kk among other civilised nations, who unwit¬ 
tingly attribute the inane conservatism of the Local Government Board to some 
grave matter of policy in the Government as a whole. 

The Concrete Institute, as will have been seen in our previous issue, is, it 
would appear, trying to collect information as to loans refused by the Local 
Government Board and the terms upon which loans have been granted, and this 
looks like some fresh systematic effort to obtain a remedy based upon reliable 

data. A 3^* 

We w'ould thus particularly recommend any public Miority or professional 

man who has had experience of the Local Government oB^rii’s methods in this 
direction to immediately put themselves in communication with the Secretary of 
the Concrete Institute at Denison House,.fVauxhall Bridge Road, Westminster, 
so tl\at the Institute may have as full information as possible on this all- 
important subject. 

BU1LDIN9 EXHIBITIONS AND REINFORCED CONCRETE. 

In our March issue we gave some indication of the impending Exhibitiem at 
Leipzig, which is to be a Building Exhibition in the widest sense of that term, 
including architecture, science, constructioB, equipment and furnishing, and 
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IX2CEETE 


having regard to the excellence of the organisation and the many interesting 
buildings in which the Exhibition is to be housed, the Leipzig undertaking 
certainly promises well. 

As to the rdle to be played by reinforced concrete, it is a considerable one, 
both in the Exhibition structures and in the exhibits, and probably this Exhibi¬ 
tion will mark, if we may say so, the advent of the new reinforced concrete age. 

In London, too, we are to have our usual biennial Building Trades Exhibi¬ 
tion at Olympia in April, which ha.s a comprehensive display of the purely struc¬ 
tural side of building, combined with exhibits of technical equipment, which is 
certainly unsurpassed anywhere and does its organisers great credit. Here, 
however, we regret»to say reinforced concrete only plays a minor or secondary 
rdle, as the exhibits do not properly accord with the importance of the subject, 
and, in fact, we think that those concerned in reinforced concrete have been 
sf)mewhat short-sighted in not arranging for more numerous and more extensive 
displays, in order to further their particular interests. 

Reinforced concrete exhibits there will, of course, be at Olympia, but 
nothing like what we might have expected at a period when reinforced concrete 
is not only so much in the forefront of'discussion, but when it has to make its 
way at home with the aid of what might generally be termed advertisement. 

We view Building Exhibitions, such as the one at Olympia and the wider 
one at Leipzig, as eminently useful to the trades concerned and the public at 
large. 

Just, however, as we anticipate that our Continental neighbours can take 
many a leaf from the book of the Building Trades Exhibition in London., so wc 
also hope that we at home may be able to learn something from the Exhibition 
at Leipzig, and as this Leipzig Exhibition, as indicated above, uill have exhibits 
that specially appeal to our readers interested in concrete and reinforced con¬ 
crete, we would particularly remind those who are making plans for visiting 
the Continent during the current summer that a visit to Saxony may be both 
pleasurable and instructive. 



REINFORCED CONCRETE BUILDING. 



Trifs new building has been erected at Barnes for Messrs. Harrods, Ltd., from 
the designs of Mr. William G. Hunt, F.R.LB.A., and the use of reinforced 
concrete in a structure of this kind is importahi and illustrates how universal 
the material is becoming for all classes of buildings. The great aim of the 
architect has been to evolve a scheme which would give the greatest safety to 
the many waluable articles of furniture that will necessarily be stored in the’ 
building, while at the same time necessitating only the minimum amount of 
handling of the articles and the maximum amount of accommodation. The 
building (illustrated in this article), the erection of which is j'lsl completed, is 
intended to eventually form the centre block of a very extensive range of 
depository buildings, and is considered to be the most up to'^ciltie and cilicicnl 
building of the kind in this country. 

The principle of the construction may l>e described as that of a reinforced 
concrete frame building, all the constructional members being of this material, 
while the walls throughout are formed of 14-in. brick panels carried indepen¬ 
dently on the reinforcx;d concrete frame, at each fl<x>r level. Similar interior 
division walls are used to subdivide the building into three ix>rtions, each of 
which is insulated from the others by means of fire lobbies having twin fire- 
resisting doors; thus rendering the spread of a fire from one division to another 
practically impossible. 

It is interesting and important to note that the adoption of this method, 
together with the use of reinforced concrete for the constructional members, 
enabled the important matter of insurance against fire to be effected under 
Class I. B., which calls for the highest standard of perfection which is recog¬ 
nised by the insurance offices for buildings of this class, and a considerable 
saving in premiums is in consequence made by the proprietors and their clients. 
In fact, the insurance offices regard not only each storey, but each of the three 
divisions of each storey, as a separate risk, just the same as il each division 
were a separate building. A fact of this kind should be sufficient to convince 
even those few persons who are still sceptical as to the value of reinforced 
concrete as a fire-resistant, and make the material more popular with those 
building owners who are apt to look upon it as being still in the experimental 
stage. , 

The completed portion occupies an area approximately 125 ft by 1*0 ft., 
and it has five storeys in all, giving a total height from the ground fkxM* level to 
the main roof of about 66 ft. The four floors above the ground floor, and also'the 

roof, are cantilevered beyond the general face of the buildiiig for a ‘distance of 
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12 ft., and the panlechnioon furniture vans are driven directly on to a large 
electric lift, which is situated in the centre of the rear frontage, and are raised 
by this means to the floor required, the vans being then drawn off the lift, 
along the cantilevered balconies, t6 the most convenient point, and there 
unloaded direct from the van to the actual spot where the goods are to be 
stored. This is obviously a great advantage, as the possibility of damage to the 
article is considerably lessened, and several vans can be unloaded at the same 
time without any confusion or inconvenience arising. These cantilevers arc 
quite a feature of the building, and they are illustrated in the exterior view 
which is depicted in Fig. i, and they are described in detail in the subsequent 
notes. 



Fig. 1. PhotogrAphic View showing Cantilevered Balconies. 
Hakrods' Dbpositorv, Barnes. 


The general arrangement of the constructional columns and beams is 
illustrated in the plan of the first floor in Fig. 2, there being fifty columns in 
all, and the details of the reinforcement, which were arranged by the Trussed 
Concrete Steel Co., will be found in Figs. 3, 4, 5 and 6. Some difficulty was 
experienced in the foundation work Awing to the presence of water at a depth 
of 14 ft below the surface, at which level a .good Thames ballast was found. 
A large block of plain concrete was put in as a foundation for each column, the 
average size being 8 ft 6 in. square, and on this the reinforced concrete base 
w^|,a ooowtteneed at't fcvel of about 7 ft. below the ground floor. A typical 
,,deta^ is sho^ <0, where it will be seen that this reinforced base consisted 
ol a.fiilsd) I square, ^Vtng a minimum thickness of g in. at the extreme outer 
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edges, splayed upward towards the column to give a maximum thickness of 
i8 in. at the intersection, to provide the requisite area for resisting shear. This 
slab is reinforced on the lower surface with six Kahn trussed bars in each direc¬ 
tion, and four i-in. Rib bars are provided as anchors, between the column and the 
base. The column is continued from the base to the ground floor level as a 
square column, having a 3-ft. side reinforced with six lines of vertical reinforce- 
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Firt. 2. General Plan of Columns and Beams. 
Harsoos' Obfositorv, Barnbs. 


ment with spiral binding, and at this lc\^l it becomes circular for a height of 
12 in. before being reduced to an octagonal section as shown. The circular portion 
is protected with an iron kerb and sheathing to prevent damage by the vans. The 
whole of the upper columns are octagonal in section, as shown in Fig. 4, which 
illustrates a typical detail, and it will be seen that six vertical lines of reinforce¬ 
ment are provided with spiral binding, giving a circular core. The binding is 
arranged to finish at the centre of the floor slab; and the end is bent 9 in. into, 
the column and hooked. The size of the column illustrated is about i ft. 9 in, 

i *7 
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Fig. 3. Detail of Column and Base. 
Harrods* Depositorv, Barnes. 


for the lower portion and i ft. 6 in. 
for the upper part, these dimensions 
being thken between two opposite 
faces and at right angles to same. 

The interior columns are 
spaced in six rows across the width 
of the building, giving a distance 
apart equal to about 22 ft. centre to 
centre, and in each of these rows 
they are spaced at about ft. 6 in. 
centres. The floors are constructed 
with main and secondary beams, 
the former having a span of 14 ft. 
6 in. and carrying the ends of two 
secondary beams on either side, the 
latter being arranged at intervals of 
4 ft. loj in. These secondary 
beams are somewhat close together, 
blit they required a depth of 18 in., 
as they span a distance of 22 ft. 


The width is 
8 in., and the 
rein f o rcement 
consists of one 
Kahn bar and 
three Rib bars, 
as illustrated in 
Fig. s, where 
the main beams 
are also shown, r~-~ 

and it will be _ 

seen that these 
latter have a 
depth of 20 in. 
and a width of 
13J in., while 
they arc rein¬ 
forced for ten¬ 
sion with one 
jf-in. Kahn bar, 
two Rib 

bars, ti««i> |-in- 
.‘Rib'. _. atid 



Fig. 4. D«t«il of Column. 
HaMioor* Dsi>osrTORir. Barmec. 



Pte- (• Detail of Cantnever snpportiog Balcony. 
HaMODs’ Dbpositort. Babiibs. 
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Continuity bars, 4 ft. long, iire placed at 12-in. centres in the upper 
surface of the slab, these being f-i-n. Rib bars, and similar bars, 2 ft. long, 



are provided over the secondary beams, while ample provision against nheM 
is made as shown on tl^ drawing in Fig. 5. It will be seen that all. t^ beams 


Fig. 9 .. Perspective View of Finished Building. 
Harroos' Depository, Barrbs. 
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which are framed into the columns have brackets 2 ft. long and 12 in, deep, 
and the general appearance of the finished work is well illustrated in Fig. 8, 
which is a photographic view of the interior. 

The floor slabs have a thickness of 4 in., and these are reinforced with f-in. 
rib bars. The window lintels are continuous, and these form the beams for 
carrying the floor and wall above each opening. 

The cantilevered balconies are shown in Fig. 7, which is a section through 
the building, and in Fig. 6, which is a detail drawing of this part of the w’ork. 
These b.-dconies are supported by six cantilevers at each floor level, which are 
provided by the continuation of the main floor beams at this point. The latter 
have, however, an increased section for the span immediately behind the canti¬ 
lever, as this forms the tailing down portion from the front column, which acts 
as the fulcrum. The balconies have a projection of 12 in. from the centre line 
of the column, and the slab which actually forms the floor of the baiccmy is 
carried by three beams, the two outer ones spanning between the cantilevers, 
and the inner one being supported directly by the columns. The bemn at the 
extreme outer edge has a depth 0/ 18 in. and a width of 6 in., 
and is reinforced by Kahn and Rib bars, while the intermediate beam, 
which is formed midway between the columns and the outer beam, 
is 16 in. deep and 12 in. wide, with reinforcement as shown. The canti¬ 
levers have a minimum depth of 14 in. at the outer end, and this is increased 
to I ft. TO in. at the centre of the projection and 3 ft. 2 in, at the junction 
with the column. Reinforcement is provided in the upper and lower 
surfaces, and stirrups arc placed at 4i-in. centres. The tailing down 
beam is also reinforced in the upper and lower surfaces, and similar stirrups are 
provided in the portion adjacent to the column. The floor of the balcony has 
a slight fall from either side toward the centre, and raised concrete curbs are 
formed to confine the wheels of the vans. The arrangement is admirably 
carried out, and the adoption of reinforced concrete for the cantilevers and 
balconies undoubtedly permitted the most suitable and economical form of con¬ 
struction to be executed. 

The building is effectively designed with terra-cotta dressings and facing 
to the front elevation, while the introduction of a cupola at the corners of the 
main front lends additional interest and gives a good sky-line. The w'eight- 
carrying members in these features are all constructed of reinforced concrete, 
thus giving a complete concrete frame to the whole building. 

The general contractors for the work were Messrs. Holland and Hannen, of 
Bloomsbury. 
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PROBLEMS IN THE THEORY 
OF CONSTRUCTION. 


THE OBLIQUE LOADING OF BEAMS AND 
COLUMNS. 

By EWART S. ANDREWS. B.Sc.Eng. (Und.). 


ThefoUoHUlng arttcle should be of inierest to engineers v)ho, in the coarse of their practice, 
mast often have to deal v>tth the question of the oblique loading of beams and columns.~ED. 


Cai ciJi ATiONS arise occasionally in ihc practical design of beams and columns 
in which oblique loading hiis to be allowed for. By oblique loading we mean 
“loading whose plane does not contain a principal axis of the section,” and 
where this occurs we cannot obtain# the stresses by the ordinary bending 
formulae. In the case of columns, in which the point most commonly arises, 
“ oblique loading ” is a special case of “ eccentric loading ” and arises where 
the resultant load is eccentric and does not act down one of the lines of symmetry 
of the column. 

The principal difficulty is on account of the fact that the neutral axis for 
oblique loading will not be at right angles to the plane of loading. We will 
deduce the formula that can be employed for this case and will then explain its 
use with reference to the case of an obliquely loaded column. 


DERIVATION OF FORMUL.^:. 

Let Fig. I represent any section of a column or beam of which XX and 

YY are the principal axes. The principal axes of a 
section are those passing through the centroid at 
right angles to each other about which the moments 
of inertia are greatest and least respectively. 
If the section has an axi.s of symmetry, this axis 
will be a principal axis and the other principal 
axis will be at right angles to it. We will show 
Later how to find the principal axes of sections 
which have no axis of symmetry. 

Let ZZ be the “ plane of loading,** or rather 
the intersection of this plane with the section. In 
the case of qrdinary beams, for instance, the forces 
would all be in the direction ZZ, and in the case 
of columns the resultant load will act at some point on ZZ. 

NN is the neutral axis of the section, which will in this case not be at 
right angles to ZZ* but at some angle to XX. 

Now consider an element of area a at a point P at distances y, «Jmm 
XX, YY and NN respectively. (In the position shown these quantities will, 
according to the usual convention, be positive.) 

m 
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Then we shall have, since Iho stresses are always proportional to the 
distance from the neutral axis, /= stress at P=fnn where tn is a constant. 

Now if M is the bending moment,' its components about XX and YY must 
be equal to the sum of the moments of the stresses on the section about these 

axes. 

... Af sin A.=component of M about XX=^f .Sa .y 
=^mny^a (l) 

but n =y cos a —x sin a (2) 

[This can be seen from Fig. 2, which shows this 
part of the diagram redrawn to avoid confusion. 
PS — n, PQ = y, OQ--X. PQ and PR make an angle 
o with each other. QR is drawn parallel to US and 
QT at right angles to ON. 

Then 3; cos a—x sin a-=PR— QT=PR—SR=PS.] 
. ■ . Msin A-=2 in iy^cosa — xy sina) 8® 

=tn cos o’^y^^a—tn sin <Y^xy^a «. ( 3 ) 

now ^xy^a is what is called the product ^moment of the section and this is always 
zero for the principal axes ; also ^y^^a=Ixx . 

.'. M sin A. =m cos «/xx ( 4 ^) 

Similarly M cos A =component of M about YY 

='!^inttx .^a 

= (y cos a —X sin a) x^a 

=tn cos a'^xySa—m sin S'^x^Sa 

= 0—m sin aJyv ( 5 ) 

Dividing (4) by (5) we get 

—cot a. IXX 


tan A: 


cot a = 


lyy 

■Iyy tan A 

Ixx 


(6) 


This equation enables us to obtain the neutral axis. To get the stress at P 
in its most convenient form we can proceed as follows :— 

From (4J and {5) we get 

M sin A —M cos A 
w=-_ 

Ixx cos a 


Iyy sin “ 

Now/=ww=m (ycos o-—x sin a) 
cos®-“W2: sin a 

_ Msin Aycosa ^ — M cos ^x sin « 


Iyy sin ® 


') 


( 7 ) 


Ixx cos « 

sin A.y I Mcosl^.x 

■ Ijoc 'Iyy 

, . ,Si^e this foi^la does not tnvoivc o, the actual position of the neutral 

i^e' calculation 'of the stress at any point, but it is 


the neiiital axi8». because the values of x and y required to 
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find the maximum stress will be those for the point at maximum distance from 
the neutral axis, and this cannot always be found until the neutral axis is 
drawn in. An example of an obliquely loaded 
beam arises in the case of the cross beams of a 
bridge inclined to the horizontal, the cross 
beams being fixed “ square ” to the main 
girders. 

In applying this treatment to obliquely 
loaded columns, it should be remembered that 
the value of / above is that due to bending only, 
and this must be added to the direct stress per 
square inch equal to the load divided by the 
area. 

NUMERICAL EXAMPLE OF AN OBLIQUELY 
LOADED COLUMN. 

Take, for instance, a column of the section 
shown in Fig. 3. This is a corner column, 15 ft. 
long, and has loads transmitted to it aj A and 
B of 30 and 40 tons respectively, the resultant of which is a load of 70 tons 
acting at D. We shall see later that this gives a very simple result. 

The following properties of this sc-ction arc given in Dorman, Long and 
Co. ’s Pocket Companion :— 

A = 28'59 sq. in. 
kxx= 4'45 in. 
kyY= 3'39 in. 

D will divide A B in the ratio = - 

DB 3 



Measurement gives 1 10 * 4 ° 

.•.tanA.= - 2'69 

cot a. [from equation 6] = — ^ [Since/=AA’J 

28 59 X 4 45 


3 ‘ 39 ® 

=|v||x2 69 


= 1*56 approx. 

. ■. a= 32 ' 6 ” nearly 

The neutral axis comes, therefore, as shown NN in the figure; the line at 
right angles, which would be the neutral axis if the ordinary treatment applied 
to oblique loading, being shown in dotted lines. 


BO 4 5*55 

[Wecould calculate tan ^ by noting that tan ^=g^=2X^^ — 2 * 69 ] , 

4 X 5*5 

M sin A. will be equal to 70 x QD sin X= 70 X EO =70 X .y — 220 in. — tons 


[This is the same as 40 X OB] 

Mcos^=70X 00 008 ^=*—70XDB=70XfX2*72—~81*6in.—tons* 
[This is the same as 30X 0A3* - ^ 
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The maximutn stress will occur at the- top left-hand comer, for which 
9=S'5 in., 6 in. 

. . ... ^ 220X5’5 8r6X6 

. . Maximum bending 

=2‘14+l-49 

= 3’63 tons per sq. in. 

70 

Direct stress=—jg= 2 ‘ 45 .tons per sq. in. 


. *. Combined stress= 6'08 tons per sq. in. 

Taking the safe stress by Rankine’s formula 

t 

/p- y lY 

1 + 600 Q[-^) 

weget/p=' 15x12x15x12'^'^^®*°“.* 

“ 600 ^ 39 ^ per sq. m. apptox. 

On the above figures, therefore, the section is not quite strong enough. 


SIMPLIFIED TREATMENT. 

At the beginning of this example wc remarked that it gave a simple result, 
the reason being that in this example the loads are applied on the principal 
axes. This will be seen by noting the facts that the AfsinA, and AfeosX come 
equal to the B.Ms for the two loads considered separately and that the formula 
for / then comes equal to the sum of the bending stresses for the two loads 
considered separately by the ordinary formulae with XX and YY as neutral 
axes. , Wc get, therefore, the following simple rule for a column obliquely loaded 
when the loads are applied on the principal axes;— Calculate the bending 
stresses for each load separately and dSd both these to the direct stress; then 
the result should not be more than the safe central stress for the given column 
according to the standard column formula. 


EQUIVALENT CENTRAL LOAD. 

The most convenient way of dealing with the eccentric loading when a 
table of safe central loads for various column formulae is available is to find the 
equivalent central load. 

This may be done in the present case as fallows:—Let Wy and be the 
loads applied on the axes FF hnd XX respectively, tlien equivalent central load 


= IV,= W.{l +‘-^ + W'xfl +1'^) 


WlMire sure the fsccentricities of and Wx End y, x are the distances of the 

^ the sedition ^odi XX smd YY respectively-. ' 

" ■+30X2*42 
174tbijs,nearly. 

iiai^ lis to both ends‘rounded (as we 
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have done in Rankine’s formula), the equivalent length according to Messrs. 

Dorman, Long and Co.’s ireatmeni ^'.^=-20 ft. . Their tabulated safe central 

! . . 3 

load for this section, 20 ft. long, is 145 Ions, so that on their figures also the 
section taken is too small for the loads taken. 


DETERMINATION OF PRINCIPAL AXES. 



We stated earlier in the article that we would 
indicate how to calculate the position of the principal 
axes.for a section with no axis of symmetry. 

Let Fig. 4 represent any such section. 

Take any two convenient axes, UIJ and V]’, 
at right angles to each other, and also a third axis, 
WW, at 45 deg. to either. 

Calculate (graphically or otherwise) the 
Moments of Inertia luu I\ v Iww fbout these axes. 
Then the inclination of the principal axes to UU 
and FF is given by 


Tan 2 P 


I uu~^ I vv 21 


— ^ ^P.. 


[ WW 


luu Ivv 

The angle is given in the tables of standard sections for Z and unequal L 
sections, which are the only non-symmetrical .sections which occur. 
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SOME RECENT EXAMPLES 
OF REINFORCED CONCRETE 
CONSTRUCTION IN SOUTH 
AFRICA. 


In » former issue we presented » description of the use of reinforced concrete in South 
AfrtcM, end in conitnueiion thereof we now give the following particulars of some work 
carried out by Mr. Edmund D. Plckford, of Johannesburg, who has prepared these notes 
and furnished us with the illustrations,—ED, 


The chief difficulties which militate against the more general use o‘f reinforced 
concrete in South Africa, more particularly in Johannesburg and inland towns, 
stales Mr. Pickford, are the heavy cost of cement, labour and timber. 

The price of cement, for instance, varies from 31s. 6d. per cask in Johannes¬ 
burg to as much as 55s. in some of the chief towns in Rhodesia. 

This heavy cost is largely due to railway charges. 

The price of labour, too, bears more heavily than that of cement on the 
cost of reinforced concrete construction. 

The standard rate of wages for carpenters in Johannesburg is 20s. per day, 
while it varies from 25s. to 30s. in parts of Rhodesia. 

The mixing and laying of concrete is, of course, done by coloured labour, 
either Cape Boys or Kaffirs, who are paid in Johannesburg about 3s. a day; and 
although this is less than the wages of the English labourer, as one has, as a 
rule, to break in a fresh gang of concrete mixers for each job, and to pay for 
white superintendence, the cost of mixing and laying may be reckoned as at 
least equal to that in England. 

Even, as along the East Coast, where one pays as little as is. a day for 
native labour, the result is much the same, as the labour is less efficient and 
the necessary superintendence costs more. 

Labour-saving machinery is not economical, except in very few instances, 
as it involves white attendance, and the cost of transport and repairs at places 
away from towns is very heavy. 

Timber works out roughly at about twice the cost of that in England, and 
as most jobs are pot conveniently placed alongside the timber yards, sometimes 
being two or three days’ trek by ox»wagon from the railway, it is necessary to 
. calculate, one^s rj^uitjements in this direction very exactly, otherwise expensive 
delays aie entail^l. 

Further, in 1'hew country,, esj^ially in the mining^ centres, it is not the 
ihaterial which las^ longest or is most efficient that appeals to*the employer’s 
hut; that WlAdi posts least j therefore reinforced concrete has to compete 
ooi^rud^b which has been brought by competition to great 












REINFORCED CONCRETE SWIMMING BATH. 


economy and efficiency, and against brickwork, the prices' for which are fairly 
low throughout the country. 

However, despite these drawbacks, a fair amount of work has already been 
done in the country, and there is no doubt that, with some competition in the 



SwiMuiMo Bath, Dorbam, in cocksb or coMBTRooinoN. 


manufacture, and a consequent reduction in price, of cement, the amount of‘Work 
would be vastly increased. 


c 2 
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9wlfl»mto< Biathi Durban. 

This bath is situated on the ocean beach just above high-water mark, and is 
300 ft. long and 75 ft. wide, and is therefore one of the largest in the world. 

It was designed by 
Mr. John Fletcher, 
M. I n s t. C. E., the 
Borough Engineer. 

The bottom is g in. 
thick with ribs at 10 ft. 
intervals reinforced as 
beams, and the sides are 
9 in. thick at the bottom, 
and taper to 6 in. at the 
top and are strengthened 
with counterforts above 
the ribs. The reinforce¬ 
ment consists of indented 
bars and a steel netting. 

The work to the 
bottom was carried out 
continuously day and 
night, and, despite floccl- 
ing by an unusually high 
tide, the whole of the 
excavation and r e i n - 
forced concrete w o r k 
was completed in about 
nine weeks. 

Tube Mills Supports. 
Village Deep Gold Mine. 

This is one of the 
largest and most com¬ 
plete installations of tube 
mills on the Rand, con¬ 
sisting of six mills, each 
about 35 ft. long and 
5 ft. diameter. As the 
tube mills each weigh 
about 30 tons and make 
35 revolutions per 
minute it will be under¬ 
stood that a considerable 
mass of concrete would 
•'be required to withstand 
the vibration. As a 
matter of fact, this is 
scarcely noticeable even 
with ail mills running. 


ii'- 




iPmmER MJtUNG CO. PREMISES. 


The reinforced concrete main beams have a span of 25 ft. and carry a 
platform calculated for a super load of 500 lb. per sq. ft. The reinforcement 
consists of mild steel rods, arranged on the Smith Pickford patent system. 

The same type of construction was adopted at the Jumpers Deep Gold 

Mine, but in 
this case the 
height of the 
platform above 
ground was 
13 ft. instead 
of 10 ft., and 
there were only 
three mills. 

Pramler Milling 
q' Co. PremUoa, 

S Gormlston. 
n Johannoaburg. 

H This build- 
§ i n g is con¬ 
ic structed e n - 

M 

? lirely of rein- 
^ forced concrete, 
t, the walls being 
g 6 in. thick with 
M 18 in. piers 
a and wall 
^ beams, which 
§ carry the 
§ weight of the 
“ floors and 
I machinery, on 
g the same prin- 
H ciple as a steel¬ 
framed build¬ 
ing. 

The centre 
portion of the 
buil<ling con¬ 
tains twelve 
silos for the 
storage ,o^ 
mealies., ea^ 
’‘6 ft. square atUl 
45 ft. high. 

The reinforcement throughout consiks of plain mild steel rods on the same 
system as the last. 
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'^WTH AFRICA. 



ft- it* height, carry a travelling ' 


e X c a V,a tor 



which weighs 
over 40 tons 
and has arms 
25 ft. in length 
fitted with 
discs which 
rotate within 
the tanks 
ploughing up 
the sand. 
These arms 
each weigh 
abijiut 2 Ions 
and are driven 
at from 30 to 
45 revolutions 
per minute, 
and as in 


Travelling Excavator Supports, Crown Mines. 


their rotation 



% jb^y^ttssnnbN.Jot^NHBSBURO. 

aixd\S||jl'ine strain on the' sup^rarts* is of a most 
is 250 ft. and the distance between rails is 47 ft. 









TRAV^tiLf*^^ 





' V'; ^Fhcrt*-', ''ai*0.' two t/acfeii.... 
. w!:th'-‘a yC9tin^ti^ tum-^ - 
table, also'constructed in 
reinforced concrete. 

The reinforcement 
consists of round steel 
bars from J in! to tj in. 
in din., and the uprights 
■ and beams were cased up 
and cast in situ. 

• The same design 
was adopted at the City 
cj Deep Mine, where the 

B miners carried out the 

g work themselves, but in 

S this case the. uprights. 

o were cast on the ground 

I and raised into position. 

H ‘ 

K 

u Orm Btnst Randfoatain 

z Caatral Gold Mina Co. 

b2 

g These ore bins are 

I placed near the. 600 

K stamp battery, and the 

S ore is conveyed to them 

“ bjfa double railway track 

o on which run 40-ton 

H bogey trucks, having a 

o side discharge. The 

(S capacity of the bins is 

S about 1,500 tons, and the 

I bridgework over them is 

3 open, consisting of rein- 

^ forced concrete main 

beams and stiffeners, 
which are calculated for 
locomotives of 17 tons on 
the driving wheels. 

The walls vary from 
gin. to 6in. in thickness, 
and are stiffened with 
counterforts and horieon- 
tal beams. 

The reinforcement 
consists of miid steel 
bars. 

Somewhat .similar 
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bins have also 
been con- 
structed for 
the Nourse 
Mines. 

NatiTa 
Compouada. 

The writer 
has c o n - 
structed a 
cons iderable 
number' of 
these build- 
1 n g s , suffi¬ 
cient, in fact, 
to, accommo- 
d a Ie over 
10,000 bo)'S, 
for various 
mines along 
the Reef. 

The principle adopted by him is that of casting the walls in slabs about 
8 ft. in width by the height of the building, usually lo ft., and raising them by 
means of a derrick. 

The thickness of the slabs is 3 in., and they are reinforced with plain steel bars 
which project 
beyond their 
ends and are 
embedded in 
r e i n f o reed 
concrete but¬ 
tresses. 

This sys¬ 
tem admits of 
fairly rapid 
construction, 
the rooms, 

38ft. by 
25 ft., being 
completed at 
the rate of 
pne m thre^, 
l4ays, incl^d^ 
la ^ fc^pila-''. 




Native Compounds along the Reef. 


liKIHVQKCBD CONCKKTJt 3>AU MEAK JOHANNSBBORO. 
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REINFORCED CONCRETE DAM. 


Reinforced Concrete Dnm. 

The accompanying photographs show the upstream and downstream views 
of a reinforced concrete dam, designed and constructed on the farm, Rietvlei, 
near Johannesburg. 

It is probably the first dam of this type completed in South Africa, and 
lakes the place of no fewer than four earth dams, which have been carried away 
by the sudden floods, to which the supply stream, like most others in South 
Africa, is liable. 

The upstream face has an inclination of 45°, and is supported on reinforced 
concrete ribs spaced 10 ft. apart. The foundations are partly on rock and partly 
on clay, and are formed by a grid of reinforced concrete beams. 

During its construction it was exposed to severe frosts, and afterwards 
remained dry for five months, with a difl'erential night and day temperature of 
about 100°, until filled by the first flood of the rainy season, so that it may be 
supposed to have undergone the most severe trial to which a dam is liable. 



RkINFORCED CONCilBTE DaM NEAR JOHANNKSRURG. 


RECENT BRITISH PATENTS. 


RECENT BRITISH PATENTS 
RELATING TO CONCRETE. 

We propose to present at Intervals particulars of British Patents tssaed in connection 
Vflth concrete and reinforced concrete. These particulars have been prepared for this 
Journal bvMr. A. W. Farnsvwrih, of Strand Chambers, Dertn. The last article appeared 
in our issue of October, 1912.—ED. 


Improved Hollow Beam of Cemeaf or Coacrete and Apparatus tor Maklag 

Same. — No. 22,196/12. F. Emmrich and U. Silbermann. Accepted January 9/13.— 
The principal points about this invention arc the use of hollow supporting bisims for 





/ ,-'X 
/ , / 


floors, having egg-shaped cores. Fig. 3 shows a 
section of beam adopted, e and / being ledges upon 
which the flooring slabs are carried, k, k ibeing 
wood insets on top and bottom for easy attachment 
of floor and ceiling materials. The hollow interior 
being egg-shaped it is claimed gives a much lighter 
beam than ordinary, since the construction allows 
of the walls being made thinner than is usually the 
case. F'ig. i shows, in perspective, one type of 
floor for which these beams may be utilised. Fig. 

4 shows the metal core which is used for producing 
the hollow beams when moulding. It is made in 
upper and lower sections out of metal materials. 

The lower section (m) carries a .series of small 
rollers (p), and the upper section is hinged at o; t 
is a girder running longitudinally through the core 
carrying strips (s) pivotly connected so that when, 
by means of screws, the girder (t) is moved length¬ 
wise in the core, the sides («) of the rasing arc 
caused to come inwards, hinging around o. The 
upper portion of the mould thus falls down on to 
the rollers (p), being guided by the L’s (r) falling 
down the sloping sItos (q). When in this manner 

the top half of the. mould, has fallen on to the rollers it is easily pulled away and the 
bottom half (m) of the mould is then slightly lifted and withdrawn. 



Improved Arrmegoeaent of Conatructlonat Steel or Ironwork or Relnforee- 
momt fm' epaorota owd Oie Uke.-^No. S,rs4/i2. 7 . D. Roots. M.I.M.E. Accepted 
23/X3.-^WlthtI^bb|ect of providing a simpler and cheaper ccmstruction of metallic 
for;' involiring less time and labour in fitting same into position 

thayi^ forms of and yet be equal to most knowtf method in strength, 

rlbbohs or b^s of. flat steel for connecting the main reinforc- 
Fig. t is shown a floor constructed on this method. B. B 
Ihife Wdlls s^d tables of which have been placed slots staggered relatively 
...... ML..i ! . *. .V, .. . interviils in accordance-with the load or 


acr'^taoie <jptances or 
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stress on the floor. Into these slots are laced the steel ribbons, as shown in Fig. 3, so 
that a continuous lacing effect is obtained as between the top and bottom main members. 
Various modifications are also shown and. alternative methods of construction, in- 



eluding the design as applied in the case of columns, pillars, etc. The inventor does 
not confine himself to main members composed of T-section only, but illustrates several 
other sections. 


Improvements in Reinforced Concrete Beams.— No. 15,889/12. /. T. McNay; 
Accepted January 9/13.—The inventor describes here a method of holding reinforcing 
bars more or less rigidly within the moidd, so that when ramming of the concrete 


** e e 








jt material takes place these bars shall not be 

I / / displaced or upset in their various relationships 

with each other. He explains that in the 
///ji// 7 P/ 7 / ordinary way, when reinforcing bars are not 

Y ^ ^ f in the mould, a great deal of time is 

\ wast'^ in setting and -there is always the risk 

if- ^ of the bars getting knocked out of position or 

W being improperly placed in the concrete. The 

M ' method is illustrated in Fig. i in the case of a 

t M longitudinal beam supported by columns. The 

ordinary centering is placed in position, as shown 
' jj jj -1 at b in Fig. 2; blocks (d) are placed on the top 

j M Mm ^ edges, and on these rest dr-opp^ bars (c) which 

M carry the top reinforcement members (a*). From 

_ -1 these latta” members looped bars (c 3 ) are sus- 

pended for carrying the upper ends of the bottom 
remforcing membo's («» and as), tl»ir lengths 
^ being proportionate to the {M-oper distam^s 

nt required for setting them in the mouM. Fig. i 

shows these (looped bars in position. The mould 
i<» then rammed with concrete, the centering afterwards knocked away and projections 

dressed in the ordinaty manner. 

« 

Improvements in Reinforced Concrete.— 'No. 11^962/12. D. G. SomerdUe, 
Accepted January 23^3.— This deals with the twisted wire method of securing •main 
reinforcing members together. It is stated that the use of this method it is not 
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necessary for main members to be 
slotted or specially shaped, since the 
wrapping of the wire round them 
causes the latter to grip them firmly 
when finally twisted together. An 
added advantage is stated to bo that 
subsidiary members can be added before 
the reinforcement is in situ, since the 
whole of the latter can be built up in 
the workshop or in any other con¬ 
venient place and then dmpped into the 
mould as a whole. Thus such memibers cannot be displaced during the ramming of 
the concrete in the moulds, but they, and also the main reinforcenlent members, will be 
kept in their pn4>er assigned place. Fig. 4 shows a diagram of the annealed mild steel 
wire used wrajjped round four main steel members, the arrangement being such as' to 
leave at least two parallel lengths of wire one on either side of the main members. 
These are then engaged by a tourniquet, or its equivalent, and twisted round one another 
until the desired tension and an effect like that illustrated in Fig. i are obtained. 
During this pnxiedure the main members must be held immovable in a suitable frame¬ 
work. It is stated that after the withdrawal of the tourniquet the central eye, 4, may 
in some instances be pinned to the concrete, although generally the twisUxi \Xfire will be 
securely anchored without this extra assistance. 
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Improvements la and relat¬ 
ing to Consolidating Concrete 
within Moulds. — No. 3,248/r2. 
H. C. Hcide. Accepted February 
6/13.—^The underlying idea of this 
invention is to obtain homog<‘ineity 
in concrete constructions made in 
moulds. In order to consolidate the 
concrete, the table or supporting 
platform upon which the moulds are 
placed for filling is pivotly mounted 
and is combined with means for 
imparting suddenly-arrested vertical 
rocking movements in intersecting 
vertical planes. Fig. 1 shows the table 
(g) supported ujwn a suitable frame- 
w’ork and pivotly mounted on /. 
Fig. 2 shows a plan of the frame¬ 
work, and gearing is introduced so 
that tilting movements are imparted 
in such manner that each corner of 
the platform receives two or more 
blows in quick succession. Various 
cams are used, so that the order of 
the blows or shakes may .be varied 
as desired. Figs. 3 and 4 show this. 
*the specificatiem describes the con- 
struefton In detail,' 



to the Relniorcement of doncreta Structures, 

0 « T'esfon. Accepted February 6/13.—^The object of this 
tn'oahs of looping or binding longitudinally rein- 
^ spirally-wound metal. The helical 
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Improvemeats in or eoanected 
with Means Employed In the Con¬ 
struction of Barges or other Vessels 
of Reinforced Concrete and In 
Vessels Constructed of such material, 
— No. 2,138/12. K. Fougncr. 

Accepted January 27/13.—Not very 
niiK'h progress has yet btH*n made in 
the art of construclinf' reinfom^d con¬ 
crete barj{(‘s or v<>isseis, and this is a 
device ih'siffned to facilitate the build¬ 
ing of composite hulls without the great 
ex|X'n.si' which has hitherto attended 
experiments made in this direction. 
ITie principal feature of the invention 
is a S]>ecial cradle, upon which the 
forms for receiving the concrete can b«* 
readily and cheaply laid. Fig. i shows 
this in jjart sectional elevation, and 
Fig. 3 in half-cross section with moulds 
in position. It will be seen that the 
central idea is to provide a strong steel 
under-body furnished with a sufficient 
number of wheels which rest upon a 
railed platform. The rails are arranged 
sloping towards the water, and. the 
cradle is held in position by a windlass 
and rope. When the’barge is ready for 
launching, the windlass is operated and 
the cradle rolls on its rollers into the 
water, where the hull floats off its 
supports. The cradle is then hauled 
back again and re-buikling commences. 
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The construction is shown in detail in the various drawings, and the operation of build¬ 
ing the hull upon the cradle is further described. 

Improvemenit In and re- 

Imtlag tp MoaUa tor Caattag j 

Coacreta and Like Walla. — / ^ 

No. 11,072/12. W'. M. Venables. 

Accepted January 30/13.—^This is 
an attempt to improve the assem¬ 
bling of wall moulds of the kind 
constituted by rows of abutting 
flanged plates. Fig. 1 shows 
these moulds in perspective eleva¬ 
tion, and it will be seen that 
square flanged plati^ are em¬ 
ployed, these being joined together 
by means of slots (8), through 
which pins and wedges, as shown 
in Figs. 2 and 3 are inserted. 

The walls are kept the right 
distance apart by means of dis¬ 
tance pieces, shown in Fig. 4, 
likewise held in position by wedge 
constructions. In order to obtain 
perfect alignment, flat strii)s (7) 
are insert^ between the flanges 
of the plates, either vertically or 
horizontally as may be required, 
and it is claimed that when this 
construction is made of light steel- 

\iork it is very readily erected, that it gives a good surface, that the pliitcs are kept 
properly in alignment, and that a good job is made. 

Improved Proceaa tor the Menu- 
taeture of Sleepera of Reiatorced 
Concrete— No. 13,564. G. H. Gin. 

Accepted January 16/13.—This inven¬ 
tion describes a process for the manu¬ 
facture of sleepers of reinforced con¬ 
crete, according to which the sleepers 
are composed by casting of wet or 
sloppy cemenit mortar poured in a 
special mould into w'hich has previously 
been placed the reinforcements with or 
withcait metal fibre, and the spiral 
strips for reinforcing the screw-threads 
mounted on standard pattern coach 
screws. Fig. 2 shows the hydraulic 
press in which the sleepers are pro¬ 
duced, together with the mould for 
same in jposidon. Fig. 3 shows the 
spiral strips used for reinforcing the 
screw-threads of the coach screws which 
are cast in position. The inventor 
describes the process of moulding at 
lenj^, which is, that the mould 

is so bottom 

•, €Mi' 'rfkle>eiftic«dl;jr.,i^>i^ idow witMn 
. phei fhat' wheii 


the water begins to flow away from the sloppy cement 
' brought to trhe proper size as the bulk of the mortar gets 
*hal the sleepers ate practically dry, and may be 
tljs nt^W and the process continued. 
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Head for ReMorced Con- 
Crete PUee.— No, 17,682/12. F. J. 
Stulemeyer. Acsepted January 
9/13.—^I'he well-known difficulty 
in driving concrete piles with¬ 
out hurting their heads is here 
dealt with by providing such 
piles with lieads which are made 
of flexible material, similar to 
mortar and firmly connected 
with the body of the piles. 
Figs. I and 2 show that this is 
attained by making the reinforcing bars (6) of the pile 
body longer than usual, »> that they project. The line 
A, B in Fig. 1 represents the end of the pile proper, 
the portion above the jine being the capping material. 
Horizontal binders (/) may be employed in the cap similar 
to those in the body of the pile. In order that the head may 
be easily removed after driving, a separate layer, made of 
paper or similar material, is intnxluced on the surface A B._ 
The head is then composed of a mixture either of cement 
and asbestos fibres or cement and saw-dust, or cement, 



saw-dust find magnesite or some other firttible mortar in which fibrous material such 
as hemp, cellulose, and the like may be employed. It is claimed that this construction 
saves considerable expense and has many advantages. 
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CEMENT AND CONCRETE at 
the NATIONAL ASSOCIATION 
OF CEMENT USERS, U.S.A. 

TESTS OF WATERPROOFING FOR 
CONCRETE. 


By CLOYD M. CHAPMAN. 

Engineer in Charge, Weilinghouae, Church. Kerr fit Company, New York, N.Y. 

The foliowlng Paper xoas read at the Ninth'Convention of the National Association of 
Cement Users, U.S.A, — ED. 


So much that is contradictory has beim sajd and written cniict'rning various methods 
of producinff concrete which is wateriwoofing, and so much has bwn claimed by th<‘ 
vendors of \'ark)us compounds which have been offered to the i)ublic as a positive 
solution of all wattTjmKvfing problems, that it is not surprising that not one cemant 
user in ten has any definite or fixed opinion as to how to meet the problem of pro^ 
ducing a wateqiroof concrete. There seem to bo as many opinions on the subject as 
there are men willing to express their opinions. And th<* many m<*thods which have 
been us<*d differ greatly from eacn other. They are not all bad, for some of them have 
been very successfully applied. Tliey are not all g<M)d, for many failures have occurred. 

To throw more light upon the effectiveness of the various methods of waterjjroofing 
concrete a great many tests have been made by numerous invc'stigators. The methods 
used by th<*se experimenters have ranged from absorption tests to liigh-jjrt'ssure tests 
necessitating more or less elaborate apparatus. 

The absorption, or non-pressure, tests are made by preparing specimens of any 
f'ledetermined size and shape of the concrete waterproofed by the particular methods 
under investigation. After the deared age is attained, thes{> specimens are either 
immersed in water completely or immersed almost compli'tely, or placed in s'liallow 
water so that the bottom only of the specimen is wet; or the specimen may be made 
cup-shaped, so that the water may be placed in the depre.ssion in the specimen, or a 
container for the water may be attached to the surfac<^ of the specimen. 

In all these forms of tests the results are expressed in terms of the amount of w'ater 
absorbed or the rate of absorption. 

In tit© pressure tests the specimen is either so made that the water-pressure may 
be applied to the interior of the test piece, or it is so made that it may be inserted in 
the apparatus in such a nianner that the water-pressure may be applied to a certain 
area on one face of the test piece. In this form of test the results are expressed in 
tetipg of the of water passing threwgh the specimen or „the rate of flow 

ihrwgh it. . 

^ ^ Kpth alkwe ' ^siare very valuable''if carried out in such a manner that the 

festdte ptay to compare with results which may be obtained in" 

iwd it is deslfnbte that certain precautions he observed in 
.. conducting tests, so that the results shall not be misleading 
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WATERPROOFING CONCRETE. 


It is the purpose of this paper to call attention to some of the features of tests of 
this class and to emphasise more strongly certain precautions, failure to observe which 
may cause some of these tests to give very •deceptive data. These precautions apply 
particularly to tests made for-^the purpose of determining what method shall be used 
on a particular piece of work in the field. Some of them do not apply to tests designed 
only to cx>mparc the relative efficiency of various methods, without regard to any par¬ 
ticular work at hand. 

First: The selection of the materials to be used in making up the test pieces. These 
.vhould be selected from those available at the site of the w<wk which is to be done^ 
This is particularly true of the fine and coars<; aggregates. It luis more than once 
happened that tests made with suitable aggregates have shown a particular method 
to give a waterproof concrete, but the same treatment failed when the aggregates 
available in the field were used. If, therefore, it is desired to deUTmine by test how 
to prfxiuce a waterproof concrete for a particular job, the materials available at the job 
should be used in making up the test pieces. It is also important, in connection with 
the selection of aggregates, that there be secured a sufficicivt quantity of the materia>ls 
to be used to conduct the entire line of tests contemplated, so that there need be no 
change in the materials used. 

Second: The proportioning of the mattn-ials: This should be done with a view to 
determining the proportions to be vised later on the work. The i>roportions to be used 
in the tests : There is little use in testing only a i ; 2 : 4 concrete for w'atertightness, 
and then use i : 2^ : 5 on the job. 

Third: The mixing o^f the materials. This should duplicate as nearly as possible 
the mixing to be used on the work. Many a well-mixed concrete has proven water¬ 
proof which would have failed utterly if carelessly mixed. There is a tendency to very 
thoroughly mix conirete for a test, and then make no special provision for thorough 
mixing on the job. 

Fourth: ITie consistency of the mixture. This should be carefully considered 
Ixjcause of its influence upon the results. A consistency should be chosen which it is 
practical to use on the job under the circumstances prevailing there. For instance, it 
is useless to test a concrete of so thick a consistency that it would have to be spaded 
into the forms if, on the job, the concrete is. to be spouted frtwn the elevator, and, 
therefore, necessarily of a much thinner consistency than was used in the test. 

Fifth: The moulding of the test sjiecimen. This process should imitate as nearly 
as possible the filling of the forms as it will be done on the job. To make a test piece 
by putting into the mould a small quantity of concrete at a time, and constantly tamping 
during the filling process, would probably produce a deceiving result. 

Sixth: The finishing of the surface to be tested. This is one of the most important 
points in the preparation of test specimens. The condition in which that surface which 
is to be subjected to water is left has a very great influence upon tlhc results obtained. 
For instance, it is quite possible, by means of a little trowelling, to produce a skin, or 
surface coating, of nearly neat cement. This will produce a dense surface much more 
impermeable than the body of the concrete, and show results far superior to an 
untroweUed specimen of the same concrete. It is recommended that specimens be so 
prepared that the surface exposed to test truly represent the body of the concrete. This 
may be accomplished by removing the surface of the specimen after the concrete has 
hardened by means of a wire brush or by chipping or breaking off the surface before 
test. 

In the case, of absorption tests this may be done with a stiff wire brush wl^ the 
specimen is about twenty-four hours old. In the ca.se of the pressure tests, only thgl 
portion of the surface which is to be subjected to the pressure and that portion front 
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which the water passes out of the specimen need to be removed. This may be accom¬ 
plished by making the test piece with additional material added to the surfaces to be 
tested, so that this additional concrete -may be broken off aft^" the specimen has 
hardened and before the test is performed. Unless some such precaution is taken, 
tests of this character are liable to show the efficiency of the surface of the specimen 
in resisting the water-pressure rather than the value of the mass of the concrete in 
performing the same function. 

One suitable form for a specimen for pressure tests is shown in the accompanying 
illustration. It is in the form of a central disc, a, of suitable diameter and thickness. 



The outside surface and the outer portion of the two faces of this disc are moulded 
smooth and regular, so as to fit the receptacle or holder into which it must be placed, 
in order to apply the water-pressure to a definite and restricted area of its surface. 
From the central portion of the two faces of this disc project truncated cones, bb, whose 
smaller diameter is just equal to the diameter of the circle which is to receive the water- 
pressure. After the specimen has hardened and is ready for test, the two truncated 
tones are broken off with a blow of a hammer, leaving a disc such as is shown 


at c. 

By this method there is exposed to the water-pressure a freshly broken surface of 
concrete which has not been subjected to trowelling or other influences tending to alter 
the natural condition or distribution of the constituents of the concrete. This freshly 
broken surface is not only presented to the water on the side to which the pressure 
IS applied, but is also provided on the opposite side where the water leaves the 
specimen- The test, therefore, is made on a certain thickness of concrete taken from 
the interior of the specimen, and the results are not influenced bv the method of 
finishiitg these two surfaces. 

There are, of course, cases in which it is the surface permeability that it is desired 
CO test, and in such cases this form of specimen is unsuitable. But in all cases in 
which the watertightness of the concrete mass is to be determined the above type of 
specimen is much to be preferred. 

There are also variations of this form of test piece which will accomplish the same 
result. Any method which removes the finished surface from the area to be tested is to 
be preferred to one which does not remove that surface. 

Even in such cases as those in which the specimen is moulded on a surface of 


glass or (rther smooth material and no trowelling is done, there is a concentration of 
cement and fine aggregates next to the surface which must affect the results obtained 
if this richw layer or skin is not removed before test. 

Stmnth: The curing or ageing of the specimen. This matter should also be decided 
^th a .view to (jondititms which will prevail in field when the real work Is done. 


\|f it is, the job to keep the concrete constantly wet for a considerable 

' pei^, titieft, the; ^pepimens should not be stored in water. If the cmly wetting the 
WMlIe in idle field is to ret^ve is the water contained in the concrete when it is placed, 

; th^. the ifst 11^ receive no. additional water after moulding. On the other 

htt allowed to dry out any faster than would tlie work in the 
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field, as they would doubtless do owing to their comparatively small size if kept indoors 
in a laboratory and no precautions taken to regulate the drying process. 

The specimens have now reached the stage when they are ready for whatever 
tests are to be applied to them, and the methods used in performing these tests are 
so varied that the limited scope of this paper will not permit an extended discussion of 
tliem. Those with which the writer is familiar appear to be open to little, if any, 
criticism. One of the most important features is that the conditions adopted shall 
remain constant throughout the test. 

If the test is an absorption or a non-pressure test the immersion or partial immer¬ 
sion should be under uniform conditions and for definite lengths of time in clean water. 
If the test is a pressure test, tbo pressure should be kept constant, the water dean>, and 
the method of measuring the water passing through itbe concrete accurate. As the area 
subjected to pressure is usually small, the amount of water passing is correspondingly 
small, and in some cases where the measurement of the water is made by collecting the 
drippings from the underside of the test piece the element of evaporation may greatly 
affect the results. A form of apparatus in which the amount of water passing 
into the specimen is determined eliminates this error. 

In this form of apparatus the specimen is clamped and sealed to a metal cap which 
is provided with a projecting vertical gradu<\ted glass tube. The cap and the tube are 
filled with water and air-pressure is then applied to the top of the tube in any desired 
amount. As soon as the specimen has become saturated and water begins to flow from 
its exposed face a reading is taken of the water in a graduated glass tube, and there¬ 
after readings are taken at regular intervals of time during the period of the test. If 
it is necessary to introduce more water into the system when testing porous concretes, 
this may be done bv opening an inlet which is supplied with water at a higher pressure 
than that of the air in the tube and so filling the glass tube again up to the zero mark. 

By this method accutate determinations may be made of the amount of water 
forced into a concrete which is so near waterproof that all, or a great part, of the water 
which passes through it would be evaporated from the exposed surface. 

Another matter in cxjunectian with tests of waterproofings for concrete which seems 
to have had but little attention paid to it is the effect of time and the elements upon 
efficiency of the waterproofing materials. In practically all of the numerous tests of 
waterproofing made in the past seven or eight years in the laboratory of Westinghouse, 
Church, Kerr & Company, it has been the custom to expose the test pieces to the 
action of the weather on the roof of their office building after first testing them, and 
then testing again after six or twelve months’ exposure. The results of these tests after 
prolonged exposure show that few, if any, of the materials which are applied to the 
surface of concrete to waiterproof it aifter it is made will retain even a fair proportion of 
their efficiency. In the rase of those methods by means of which the entire mass of the 
concrete is designed to be waterproof, there is shown sometimes a steady improvement 
after exposure and sometimes a marked decline. In some cases the life of the treat¬ 
ment is very short and the failure after a ifew months’ exposure almost ctwnplete. 

It is important, therefore, before any particular method of waterproofing be 
adopted, that the probable life of the treatment be ascertained. It is pretty well estab¬ 
lished that a good concrete without foreign substances in it improves with age, becomes 
tnore dense and watertight, but the same cannot be said as positively of a concrete 
containing some of the recently developed compounds intended for watei^oofing. 
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THE WORK OF THE GROSS^LICHTERFELDE 
TESTING. STATION. 

The foltoeuing arHcU on the Oross-L'.chtetfelde Testing SlsUon, Bertin, should be of 
interest to those of our resders who follow the resesrch work csrrledon in different countries, 
as this testing station undoubtedly takes a very high rank among our scientific Institutions, 

This article has been prepared for us by Dr, Cecil H. Desch, of the Glasgow University, 
and Professor Martens, Director of the Testing Station, kindty placed the Illustrations 
at our disposal.—ED, 


Oenenliy, — The report of the Royal Station for the Testing of Materials at 
Gross-Lichterfelde, near Berlin, has now been published for the year ending March 
31st, 1912, and affords a convenient opportunity for considering the nature and 
extent of the work carried on in this celebrated institution. The six depart¬ 
ments of which the Station consists have come into being at different times 
between 1871 and 1886 to meet the needs of the Charlottenburg Technical 
School, the Berlin Academy of Mines, and of various public departments and 
associations of manufacturers. The accommodation provided at Charlottenburg 
from 1884 onwards proving insufficient, a new Institute was erected at Gross- 
Lichterfelde, and was opened in 1904. 

Our illustrations. Figs, i and 2, show the vast size of the building, which 
is situated between the main road and the railway, on the way from Berlin to 
Potsdam. The site secured is of ample dimensions, to allow of future growth, 
and also to provide sufficient space for open-air tests and for temporary erec¬ 
tions. The equipment is admirably complete, and the handsome “ Denkschrift ” 
published on the occasio.n of the opening, and giving full details of buildings, 
plant, and apparatus, should serve as a standard work of reference on the 
imjpqrl^nt .sub|ect of the equipment of laboratories for the testing of materials. 

: The staff of the Testing Station was composed in 1911 of 227 persons, no 
life^ than 74 hsd a University training. The director is 

Pi^. ilL. subrdirectors and chief as^sistants include such 

RAffms; aa ^pse of Professors Rudeloff, Gary, Heyn, and Burchartz, 
leachi)^ staff of the Charlottenburg Technical School 
transfer' to the-new site. 
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EXPLANATION OF LETTERS ON BLOCK. 


A —Principal Building. 

BV —West Testing Rooms. 

BL—West Laboratory Building. 
—East Testing Rooms. 

—East Laborator/ Bui'ding. 


W—Workshop. 

C—Engine House. 

D —Accumulator Building. 
SR —Cooling Tower. 

F'—Fire Laboratory. 

K —Boiler House 



Pi's 2. Plan. 

GROSS-LlCHTSaFEI.UE TESTING STATION, BERLIN. 

The following are stated by the director to be the principal objects of the 
Testing Station :— 

(a) The improvement of methods, machines, instruments and apparatus 
employed in testing, in the public interest. 

(&) The testing of materials and structural members :— 

1, In the interests of the public or of science, so far as the means 
are provided by the State or by private persons. 

2. At the request of public bodies or private persons, against the 
payment of a fee, official certificates being granted. 

(c) At the request of both parties to deci.de in cases of dispute as to the 
strength or quality of materials or structural members. . 

Further, as far as the interests of the institution permit 

(d) Instruction of students in the Technical High School and ^ train¬ 
ing of yotmg assistants in the practice of testing, 

(e) The encouragement of research in certain special departments by 
allowing the use of the equipment by outside investigators. 

The work of the Testing Station is distributed over six departntents*?- 
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namely^ metalSi building materials, paper, metallography, general chemistry, 
and oils. Of these, the second is naturally of principal interest to the readers 
of this journal, but the first also includes much work of importance to the 
constructional engineer. 












o 
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the .bating of building materials occupies the ground 

rooms in other parts'of the 
tb«t ^rfbundin^ grodnd.. The photcgraph, Fig. 3, 
"rporo iaf-this department, provided with four com- 
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pression machines, of 400, 150, 40, and 33 tons capacity respectively, as well 
as 5- and 2-ton presses for transverse tests. All these pres.ses are hydraulic in 
action, and the loads arc read by means of pressure gauges. The same room 
contains the machines for testing cement briquettes in tension, and Gary’s 



apparatus for determining the permeability of mbrtar anid concrete to water. 
The great 500-ton horizontal testing machine shown in Pig. 4 bchmigs to an^jither 
section, that of metallic materials, but it is also used for bending and crushing 
tests on reinforced concrete columns and similar jairposes. Such objects as 

* 5 ^ 
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Ftg. 5. 3.000-T Machine built for the German Iron and Bridge Building Institution by Hamel & Lueg. DOsseldorf 

Gross Licbtbrfeldb Testing Station, Berlin 



&asaijsggg*g gross-lichtbrfeldb testing station, 

reinforced concrete pipes are also tested by means of machines belonging 
properly to the metal section. Our photograph, Fig.- 6, shows the tower in 
which falling'weight experiments are carried out. The department - is also 
amply provided with equipment for chemical analyses, for the making ar.d 
storage of cement and concrete test-pieces, and for special tests of the resistance 
of materials to weather, frost, chemical fumes, etc. To another subject—the 
fireproof qualities of materials—further reference is made below. Fig, 5 shows 
the great 3,000-ton machine which has been recently installed. Tliis enormous 
press—by far th-e largest in Europe—has been erected at the request of the 
Union of German Bridge and Structural Steel Firms by Messrs. Haniel & Lueg, 
of Diisseldorf. It can take entire girders, struts, columns, and built-up bridge 
sections, in compression or tension. 

The extent of the work of the building materials section may be judged by 
the following facts taken from the report for 1911-12. The total number of 
applications was 1,023, involving 39,000 experiments, of which about one-half 
dealt with, cements of different kinds. 

Cement. —The tests w'ith Portland cement and blast-furnace slag cement 
(“ Iron-Portland showed a steady improvement in quality since the raising 
of the German official standard. One cement showed, in a 1 : 3 normal mortar, 
after seven days under water, a tensile strength of 35'i kg./cm.® (499 lb./in.®) 
and a compressive strength of 460 kg./cm.® (6,541 Ib./in.*). The same mortar, 
after 28 days in water and air, gave a tensile strength of 48'7 kg./cm.® 
(692 lb./in.*) and a compressive strength of 692 kg./cm.® (9,840 lb./in.®), the 
highest value yet recorded in this laboratory. 

The opinion was given, in answer to a special demand, that the spontaneous 
change of a slow-setting to a quick-setting cement was not to be regarded as an 
indication of inferior quality, as such spontaneous changes take place with 
changes of temperature even in good cements. Petroleum and other oils were 
found to weaken cement mortars very considerably when the latter were 
exposed to their action after 28 days hardening in air. The injurious influence 
is greatest in lean mixtures. Experiments were also made to test the question 
whether reinforced concrete could be safely employed for shafts and buildings 
exposed to the action of waters (potash salt liquors) containing magnesium 
chloride. It was found that such salts always attack cement. The addition of 
a “ frost-protecting ” substance to concrete during mixing has been r«X)m- 
mended, and tests with such a concrete showed that if exposed to air for one 
day and then alternately frozen and thawed twenty-five times, no external 
change was produced, but that the resistance of reinforcing rods to slipping 
was seriously reduced by the addition of the protective, matorial. 

A frequent request is to determine the proportions, originally in 

mixing a concrete, from an examination of the harden^, material .Thid is, 
except in the simplest cases, an b^ralion of, considerable difficulty. It is'pos¬ 
sible to determine the proportion of cetnent, if used 

to decide whether aft addition of either fat or. hydraulic ikhe ha^ bc^ made^to the 
cement, fmt it was ndt found possible to decide nrhether ** 

certain breteze concrete was satisfactory dr hot. There is'" idem 

for improvement in this class of lestingj wnicb is so impdrtaht ia 

The concrete pipes used for the conveyance of Water itt a certain, dis^ct 
showed corrosion after one year in the soil, amounting to destruction of onc- 
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third of the pipes over a length of 300 metres. In this case it was not found 
possible to determine the cause of the corrosion. The soil did not contain 
acids or other destructive substances. ' The material of the pipes did not appear 
to have been well mixed, but a definite conclusion was not reached. 

A number of scientific investigations were also proceeded with, the results 
of which have been published or are in course of publication. 

Fire Tests .—The tests as to the fire-resisting qualities of materials during 
the year were not very extensive, being limited to sorhe “ fireproof ” doors, a hut 
of slag-stcMie, a comparison of a brickwork wall with one of sand-lime bricks, and 
one of an ordinary lime floor with a plaster floor. The provision for this branch of 
testing is inadequate, and compares unfavourably with the arrangements of the 
British Fire Prevention Committee. It is stated that it is proposed to extend 
this branch of the activities of the institution after an examination of the 
methods adopted by kindred institutions in London, New York, Chicago. 

Conclusion .—The services which a fully-equipped testing station of this kind 
are capable of rendering to industry are obvious. The publications of«the Gross- 
Lichterfelde Station form a most valuable source of reference for all who are 
interested in such a department of industry as that of concrete construction, apart 
from the direct utilisation of the services of the station by German manufacturers, 
engineers, and building clients. We must not forget, also, the advances in 
methods of testing which we owe to Profs. Martens, Gary and their colleagues. 
Some of their methods have not been adopted in this country, and differences 
of opinion exist as to their value in comparison with methods due to other 
workers, but their share in developing the technique of testing is recognised 
and gratefully acknowledged by all who have followed the progress of 
structural materials in recent years. 






SETTLEMENT OF SOLIDS, ETC., ON CONCRETE. 



J*Js oar mteniion io publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced CShcrete In a concise form, and 
in su^ a manner as to be easily available for reference purposes* 

The method w are adopting, of dividing the subjects into sections* is* w believe* a 
nevf departure*~^ED* 


THE CONCRETE INSTITUTE. 

THE SETTLEMENT OF SOLIDS IN WATER AND ITS 
BEARING ON CONCRETE WORK. 

By DR. J. S. OWENS, As.oc.M.In8t.C.E., M.R.San.I., F.G.S. 

The foUoTving is an extract from the Paper read before the Institute at their Thirty-first 
Ordinary General Meeting. A short resumd of the discussion is also given. 

INTRODUCTION. 

The Lecturer, in opening, stated that it would only be possible to give a brief outline 
of the subject under review, and referred his audience to papers read by him before the 
Koyal Geographical Society, Research Department (see Geographical Journals, Janu¬ 
ary, 1911, and March, 1912); before the British Association in Dundee last September 
(see Engineering, December 20th last); and a pai>er before the Society of Engineers of 
March ist, 1909. 

He proposed to deal with some of the physical characteristics of stones or shingle, 
sand and mud, which lead to their separation into these distinct classes by nature. 
Practically all the sorting is done by the agency of flowing water, and the chief factor 
governing the position of any deposit is the ability, or otherwise, of the water to hold 
the material in suspension. Very finely divided matter remains long suspended, and 
therefore, if in a current, passes ovei- the place where coarser matter is being deposited, 
and settles in less disturbed water. 

With the exception to be referred to later, a heavy solid can only be supported in 
suspension in water by an upward thrust equal in intensity to that which would result 
from a current of water of the same velocity as the body would settle at in still water. 
This means: (a) it is to the resultant upward thrust due to eddies and disturbances 
that suspension in water is due; and : (b) a measure of the rate of fall of a body through 
water will be us-eful as measuring its resistance to suspension. 

A solid body which is of higher specific gravity than wat^ will sink in the latter 
at a definite rate. Starting from rest, it will have two distinct stages in its fall 

1. An accelerating stage during which the force operating on the body to pull it down is 
greater than the retarding force due to friction aind the impact of the water particles 
on the under surface of the body. 

2. A stage of uniform motion which is attained when there is an equilibrium between the 

downward and upward acting forcM. . • '';' 

In practical work* the first or, accelerating .stage is,so .vei7 ^rtas to b6 ne|!ligible, 
except for ver^ large btdies. ^ . 

The chief factors governing the rate at which' a body will through .Water ; 
(i) its size, (2) shape, (3) spetafic gravity, (4) the' temperatuHi.ojf the water, oi*'aiW-tSaime 
affecting thte viscosity of the liquid, (5) the quantity of suspend^ iriath^ preseftrip ^ the 
water. 

*63 







THB CONCRETE TNSTITUTE. 


CONCKETE] 


SIZE. 

If V represents velocity of fall in foot seconds, d diameter of body in feet, & specific 
gravity of body, and k a constant depending cm the shape of the body (equal to about 
9 ' 3 S for spheres, 6’12 for irregular grains of sand, according to thie author’s late^ 
experiments), the velocity of fall in water for bodies over of an inch in diameter 
will be given with fair accuracy by the expression :— 


v = k^d{s-x\ 

It will thus be seen that the rate of fall varies directly as the square root of the 
diameter. 


SHAPE OF BODY. 


The author found that a curious law governs the position a body of irregular shape 
takes up in falling through water. It is the custom to apply the law of “ least 
resistance ” to explain many phenomena in nature. If applied in the present case, it 
would seem to indicate that a body such as a disc will settle through water edgewise, 
a rod endwise, and so on; but the contrary is the case; a disc always settles on the 
flat, a rod with its greatest length horizontal. For this reason a sphere settles more 
rapidly than any other shape, and flat, thin bodies, such as slates, settle very slowly 
indeed. „ 

SPECIFIC GRAVITY. 


Referring to the formula given above,* it will be seen that the velocity of settle¬ 
ment varies directly as the square root of the specific gravity of the body minus that of 
the liquid in which it settles. In the case of two balls the rates of fall of which were 
measured by the author, one was a composition ball having a specific gravity of i‘ig, 
a diameter of '415 in., and a rate settlement of '794 f.s.; the other a steel ball, 
specific gravity of 7*77, diameter ‘498 in , and a rate of fall of 4*96 f.s. If these two 


be compared, the velocities of fall should var} nearly as V s —i, the diameters being 

0*794 t/0'19 

approximately equal, th.it is —- should be equal to -^^and it will be lound that 

4 9° V °'77 

this is practically the case. 


WATER TEMPERATURE. 


This has a profound effeot on the rate of fall of fine matter in water, due, no 
doubt, to its influence on viscosity. A rise in temperature of the water produces an 
increased rapidity of settlement which is most marked with the more finely divided 
materials. The rate < f settlement of silicious s,ind of jifcrir io diameter is doubled if 
the temperature bc‘ raised 80° F. 


AMOUNT OF SUSPENDED MATTER PRESENT. 

It can be shown experimentally that the grc'ater the load of suspended matter, the 
slower its rate of settlement. Finely divided solid matter held in susj>enision in water 
has practically the same effect on the sfiocific gravity of the mixture, measured by a 
floating hydrometer, as if it were in solution. ^ In order to bring out this point, he had 
made the following experiment: Weighed quantities 0^ whiting were mixed with 
similar volumes of water, and the specific gravity taken with a hydrometer. It was 
also calculated, assuming that the whiting had gone into solution instead of being 
suspended, and the figures obtained in each case compared. The results showed that 
the effect on the specific gravity of the mixture was the same whether the added matter 
went into solution or su'^iension. 

It is reasonable un^ the circumstances to suspect that the amount of heavy 
matter suspended in a liquid will influence its rate of settlement in the same way as 
an alteration in the specinC gravity of the liquid itself; and this is found to be the case. 

^RAOtlCAL AMn,lCATlON OF RESULT^. • 

tc may fi|# be conihieted how to defiqfs the meaning of the words “ stone ” or 
and t* mud.** It is obvious that any definition to be of use must 
h# hmed diree^y or indltectly upon sine of grain. 
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, There appear to be two distinct sizes of particle to which further attention must be 
It will be observed that the application of the formula given above is stated to 
r-e limited to sizes over in. diameter. The reason for this is as follows : In experU 
menting on the rate of settlement of different grades of material, it was found that 
the value of k in the formula referred to was fairly constant over iV in. diameter; but 
for grains of smaller size it fell off rapidly in value, thus showing that some factor was 
operating in the smaller grades which was not taken into account in the expression 
given. I hat this factor was the viscosity of the liquid he had no doubt, and its 
prejwnderating effect in the smaller grades may be due to the rapid increase in the 
ratio of surface to volume ox weight, as the size is reduced, or to the passing of a 
critical point in the velocity such as that shown by Osborn Reynolds to divide stream¬ 
line flow from eddying-flow. 

While it is not strictly correct to speak of a critical diameter at which this effect 
commences to appear, it was found on plotting values of the constant k referred to 
that at about V77 in. diameter the curve bent rapidly downwards, whereas above this 
I." was practically horizontal. 

There is possibly a second critical size of particle which is of interest if not of 
great practical inifiortance. 

The chief retarding forces operating to prevent settlement of a body in water may 
be regarded as :— 

1. The hpward impact of the water due to the velocity of fall of the body. 

2. Friction, the force necessary to overcome the viscosity of the liquid. 

When there is no velocity of fall (i) diSapi>ears, but some of (2) probably remains. 
As we reduce the size of the body the downward acting force, due to Us weight, becomes 
smaller more rapidly than the frictional resistance, since the .former varies as the cube, 
the latter as the .square of the diameter. Hence it would seem that when the diameter 
is reduced to a certain critical value, the force operating to pull the body down will 
become equal to the frictional resisitancc to movement, and permanent suspension in 
the liquid re.sult. As, however, there is probably no such thing on the earth as 
absolutely quiescent water, permanent suspension will result long before, this critical 
size is reached, owing to movements in the water due to temperature changes or other 
causes. The blue colour of the .sea has been attributed to the presence of fine suspendinl 
matter. 

Again, mud particles sometimes approach in size the limits of microscopic vision; 
so thiit we have clearly a considerable range of size to choose from in defining mud as 
distinct from sand. If we decided to take all below the critical diameter referred to 
as being mud, we have to consider how it is that particles of such a size as to be 
permanently suspended in water ever reach the bottom to form mud. 

A sample of yellow marl examined by the author for the purpose of this paper 
contained particles down to about fjslxsis an in. in diameter, and the finest erf these 
settled through water, although at a very slow rate; for example, a glass vessel con¬ 
taining a column of about 12 in. of water in which a little of this clay was shaken up 
had not cleared after forty-eight hours in a temperature of 50° F., and after sixteen 
hours the water was still quite cloudy with grains about in. diameter. It is 

obvious, therefore, that the. critical diameter for this was under of an inch. 

CONCRETE WORK UNDER WATER. 

When concrete is allowed to settle through water, the effect is to Iffing about an 
analysis into coarse and fine strata. The larger particles~-«tones, gravel, etc.—settle 
n.ore rapidly than the finer .sand and cement; with the result that they reach the 
bottom first and form a layer over which the sand and cemait settle, also in separate 

strata_the cement on top, the sand underneath it. The separation is not quite 

complete, because the large particles always carry down in-their wake some of the 
smaller, and for other reasons which it'is hot necessary to refer to here. Even when 
allowed to fall through only a foot or so of water, tte fine cement is washed out and< 
to a great extent, remains suspended,.owing to the disturbance of the water. 

EXCESS or WAfXK IN CONCRETE. 
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displacing the fine matter upwards; for it must be remembered that a body fallihg 
through a liquid always generates an upward current to fill the space which it occupied, 
and this is sufficient to keep very fine particles suspended. The case of immediate 
interest is that of concrete mixed with too much water; when kept in a state of 
disturbance by ramming there is a tendency for the coarse part of the aggregate to 
work towards the bottom, the finer sand and cement towards the top giving a deceptive 
appearance to the concrete of having been thoroughly consolidated. 

CONCRETE MIXING * 

It is not uncommon to meet with a so-called <oncrote mixer which, when closely 
watched, is found in some cases to separate the fine from the coarse parts of the aggre¬ 
gate. It is easy to see from the earlier remarks made that with sufficient!) liquid 
concrete a badly designed mixer may produce sufficient agitation to suspend the sand 
and cement, but not the coarser part of the aggregate, which consequently gradually 
separates out as a bottom layer. Of the two chief types of mixer now in use, one 
depends on revolving arms operating in a fixed vessel, aind this is the type most likely 
to be affected by the cause describe, unless very carefully designed with proper pro¬ 
vision for a poiitivc mingling of the different parts of the concrete as distinct from 
mere agitation. The otbw type, in which mixing is effected in a revolving vessel 
fitted with shelves, is more likel) to produce gcxd concrete, as its action depends on 
repeated shifting of parts of the mass from one place to anothei—for example, from 
be ttom to top nnd sides to middle. 

TEST OF CONCRETE MIXING. 

The author was strongly of opinion that sufficient attention has not been given 
to the proper mixing of concrete. It is a process which has a perfectly dcfinilf point 
of completion, which is, however, not always attained to. Concrete may be satd lo 
be thoroughly mixed when all thi ingredients are os uniformly distributed as possible 
throughout the mass. If this is accepted as a definition of proper mixing, then samples 
taken from different parts of a heap of concrete should contain the same proportion of 
stone, sand, and cement. The different rates of settlement of these three afford the 
engineer a simple method of measuring the relative proportions in any part of a heap 
of concrete. If, for instance, a small quantit) of concrete be placed in a tall glass 
vessel full of water, shaken up, and allowed to settle, three distinct layers of sediment 
are formed. The stones or gravel settle immediately, then follows the sand, and after 
a much longer period—about ten minutes in a vessel twelve inches high- the cement 
forms another well-defined layer. The depth of these layers varies as the amount of 
the respective materials present; hence, a simple measurement of the depths in two 
samples enables us to compare the relative quantities of the different ingredients at 
any two parts of the heap. 

In practice the application of this test may be simplified thus : Excluding the case 
of concrete, which is semi-liquid, and in which the coarse matter may tlierefore have 
sqjarated from the fine, it may safely.be assumed that if the sand and cement be 
propierly mixed the coarser parts will be also mixed; since the time required to mix 
uniformly increases as the grain becomes finer. 

INSPECTION AS TEST OF MIXING. 

Two special tests have been made, to which attention should be drawn The first 
was directed towards determining what was the true value of inspection alone as a 
test of concrete mixing. For this purpose a sample of mortar of the proportions 
cement i, sand 2, was made; beside this was placed another having cement i, sand 2^, 
but ro difference could be detected by eye. The result was the same with cement i, 
sand 3, and it was only with cement i, sand 3i, that any difference in appearance could 
with certainty be detected. On applying the sedimentation test to these samples the 
difference in strength between i in a and i in ai was easily observed. It is therefore 
i^uite clear that inspectiotl alcMte—the test which is ordinarily applied—is not sufficient 
to ^termine whether concrete is properly mixed or not. • , 

BAND-MIXING. 

The iNScORid hi;st wae <)ne of hand-mixed concrete, turned twice dry, twice wet, on 
t|i UMgatl Wortai of a repptahle contractor. 

* 
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, Seven tests were made of different batches, and uniformity found in one only. 
1 h< following figures show the percentage variation in the amount of cement in different 
p.nrts of each batch :— 


Batch No. 1 

„ No. 2 

„ No- 3 

„ No. 4 

.. ¥o. 5 

„ A'o. 6 

„ No. i 


Per Cent. 

... 4 

... 7 

... 15 
... o 

... 24 

... IS 
... 17 


All batches, except No. 5, were mixed in the author’s presence, or that of the 
foreman or engineer. No. 5 was mixed by the men alone, without supervision. It 
would itberefore seem that when concrete is mixed by hand it may not be of uniform 
strength, and that to bring the weakest parts up to the strength required an excess of 
concrete must be used equal to at least 10 per cent, more than if uniiformity of mixing 
could be assured. Turning twice dry and twice wet is not considered sufficient by 
most engineers to give a proper mix. On the other hand, as in the case referred 
to, this amount of mixing was i^rmitted, relying upon the handling which the 
concrete subsequently reccivcxl while filling into skips and placing in the work 
to complete*the mixing. There is, however, a fallacy hidden here, because concrete 
is mixed in fairly large batches, whereas k is deposited very often in barrow- 
loads; this results in good mixing of eaeh barrow-load, but not in any certainty 
that the proportions in all the barrows will be the same, since the concrete may be 
taken from different parts of an. improperly mixed heap. It is hardly necessary to say 
that on even a small work using, say, one thousand tons of cement, a saving of 10 per 
cent, of this would be well worth making. By the use of a proper mixing machine, 
effectively used, this saving can be made. It is not impossible to get uniformity by 
hand-mixing, but the amount of .supervision required makes it practically impossible. 

Mixing machines vary greatly in their ability to mix, and also require supervision 
in their working as well ?is hand-mixing. 

The author showed on indicator, which was designed by him for use with 
batch concrete mixers, and is intended to indicate to- the attendant when the mixing 
operation is complete. It consists of a modified revolution counter, in which a worm 
and worm wheel operate an index which shows on a dial rev'olutions of mixing drum 
01 paddles. The cycle of operations is .ns follows :— 


1. On opening the charging gate of a machine to admit a batch, the index drops to zero. 

2. When the batch is in the machine, the closing of the charging gate causes the index to 
commence revolving round the dial. 

3. When the index has reached a predetermined point (at which for convenience a movable 
pointer may be clampedl the batch may be discharged. 

4. An independent counter registers the number of batches mixed. 


The Pnaldtat, before the opening of the discussion, read two letters from members who 
were unable to attend. 

Extract from letter from Mr. Alban H. Scott, M.S.A., Member of Council C.I. 

“ The paper contains a great deal of useful information, much of which confirms a test 
which I have previously carried out on similar lines. 

“ Regarding the author’s definition of the words ‘ stone ’ or ‘ shingle,’ ‘ sand ’ and * mud,* 
in the first place such terms may be applicable and useful from a geological point of view, 
but when the subject is being considered under the heading of ‘ Practical Application,* such 
terms may be most misleading, as in the actual work these terms are bound to be used by all 
classes from navvies up to consultants, and’ the three definite words, ‘ stone,’ 'shingle ’ and 
‘ mud ’ are open to very great misunderstandings between the various grades of men employed 

on the work. • , i., 

“The authdr defines that ‘grains over i-ioth m. dia.* should tank as ‘shmgle,’ whiw 
grains finer than this would rank as ‘ sand.’ In the R.I.B.A. Report on Reinforced Ckmcrete 
‘ sand ’ is defined to a certain extent, and it is taken up to a matpirial which will pass 
of an in. mesh. 
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“ In Messrs. Scott and Fraser’s Specification on ‘ Reinforced Concrete ’ work, published 
in 1911, sand is defined as ‘all materials that will pass i-in, mesh and are retained on 
i-Soth in. by i-5oth in. mesh,’ this latter definition being adopted by the Concrete Institute in 
their Report on Testing. 

“‘Shingle’ is not a nice term to use for practical work, the two terms generally used 
being aggregate and coarse material. The term ‘ shingle ’ is very loose. 

“ The author suggests that ‘ mud ’ should be taken as all material which is less than that 
giving the critical diameter. The use of the term ‘ mud ’ for concrete material opens the door 
to a very grave misuse.in practical work. It has been stated in .^e past that a little clayey 
matter rather increases than otherwise the strength of concrete. Thjs statement, however, must 
have been made upon imperfect data, as it entirely depends ‘upon i^ether the clayey matter 
has any cementing properties, and most of the materials of this description found, at least 
in this cotmtry, have no cementing properties. 

“ Clay, where it forms a coating on the aggregate or is a free agent, is most detrimental 
to the quality of concrete. With regard to the excess of water in concrete, this matter ha,s 
been very thoroughly investigated, and in the Concrete Instiitule’s Tests Report it will* be 
found that the results are dealt with as to dry concrete, and further in a paper given by the 
writer before the Society of Architects last year. 

" Regarding the mixing of concrete, this is done at the present time in the most haphazard 
way, and the perfect mixing machine has yet to be arrivetl at.’’ 

Extract from letter from Mr. Frank /. Gray, Assoc.M.Inst.C.E. 

“ The separation in a test-glass of water of a sample of newly-mixed concrete into 
measurable layers of sand and cement and a .measurable residue of ballast, is a test which 
can be used on works with confidence, and—^what is most important—quickly enough to correct 
any variation from specification as the mixing proceeds. 

“The conclusions which the author arrives at from his experiments are very helpful in 
understanding the weakening of free concrete placed under-water, and the detrimental effect 
of using an excess of water in mixing concrete. The differentiation between mud and sand by 
their rates of settlement referred to a datum line, is a good one. 

“ I would like to ask the author whether he agrees that if particles of mud and sand be 
allowed to enter a tube of water at rates inversely proportional to their rates of settlement in 
water, such particles, of sand and water would reach the bottom of the tube at the same time 
and form a mixture? ’’ 

DISCUSSION. 


Pmtfftor HuBry Adtmt, MJaat.C.B., M.I.Mtch.B., M.S.A. (Vice-President Concrete 
Institute, etc.) : Speaking of the position of concrete in water, the author said that the water 
separated the materials. It seemed as if they separated entirely, but he imagined that the 
concrete would go down to a great extent as a single mass. When it is put into water in bulk 
it would retain, perhaps not its cohesion, but its i)osition, much more than the author seems 
to imagine. 

He did not think water could percolate sufficiently to separate the mass into different sized 
particles, and deposit it in distinct layers. The depositing of concrete through water was at 
one time very constantly done by civil engineers in the construction, of harbours and break¬ 
waters. 

The test given in the paper is a very simple and useful one to the engineer in charge of 
reinforced ooncxete work. In a very few minutes he can tell very closely what pros>OTtions are 
being actually adopted. It might also be applied to lime and sand in builders’ mortar. That is 
always the dilficttlty,.and many law cases have been brought as to the quality of mortar in 
^ buildit^. Thig tesst might p^sibly apply ;to that. Th.e indicator for . machine mixing seems 
•jilsd *b be very good. It seems absolutely necessary tq get cheap mixing of the materialsj, and 
4 few trials to indicate, the number of turns would give great facility to the proper execution 
.of'tiMi'lliOtk., 

in referring to Professor Adams’s remarks as to 
wo^^ oouwe ,what the author had written did not apply to 




i| JratUr is .i^era;lly tmders^d by mgineers,' and. he imagined that 
^ of pwttinf coacrete under water 

:a jjenefrttl «*!«» when puttiafg concrete under water, it 
j^W|n'on .td.the .bottom*before 4 is opened, and 
ntro|igb'i.wgtez 'at all.'. The doors are oi^ned and the 

^ 

putting down a good many thousand yards in 
" '* “ ; the!!hdttmp, and,then olpeki automatically, ami the.material 
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settles down as a big mass. There is washing of the top surface due to wave action, but there 
is very little washing due to the water coming through the concrete. 

With regard to the discs falling in the water, it rather occurred to him that the reason they 
took up the position they did is simply a balance between force of gravity and the resistance 
of the water to the falling of the things; that is to say, if you could ensure the disc, or what¬ 
ever it was, being kept in the upright position, it would drop at a very much greater speed, but 
slight irregularities on the bottom tend to start a delaying action. 

Mr. B. Flmader BtchtllM. P.Ptym^oo., MMmth.A., AM.lMreb.B, (Member of Council 
C.I.) : The paper will bep»ticularly useful in cases of dispute as to whether concrete is clean 
or whether sand is cleaaf? and.TTlso to settle that much debated question as to what thorough 
mixing is. 

It will also tend generally to obtain better mixing of concrete. The general practice now 
is to lay down concrete very gently, and to be very careful not to ram it so as to force all the 
lower contents to the top, and we recognise even balance mixing machines, but really sorting 
machines, where the concrete is sorted out of the different layers. 

With regard to the question of the size of sand, some mention has been made of the 
R.I.B.A. RejKMt, but it should be recognised that the size of the mesh of a sieve is not neces¬ 
sarily intended to represent exactly the size of the largest grains. The question has been 
raised in more places than one as to fixing a smaller size as the upper limit for sand, but those 
who have had large experience of the actual work are well aware of the fact that, if sand 
is to flow readily through a sieve, it is no good having the sieve just the exact size of the 
largest sand this is to pass, but there must l>e plenty of margin for rapid and economical 
working. • 

Regarding the author’s statement “ that the velocity of settlement varies directly as the 
square root of the specific gravity of the body minus the specific gravity of the liquid in which 
it settles,” that is true, but it is ambiguous; and the ambiguity is not the fault of the author, 
but the fault of the English language, and it occurs wherever we try to put a mathematical 
expression into words. For example ; 

\'(S-L) _f 

\/(S-£,) t s 

s is the specific gravity of the solid body; I is the specific gravity of the liquid. This is 
the square root and the specific gravity of the body, minus that of the liquid in which it 
settles. (Illustraling.) This also is the square root of the .specific gravity of the solid, minus 
that of the liquid in which it settles. The fault is we are short in the English language of 
something to indicate these values, and he did mot know whether it might not be advisable for 
the author to put the expression in brackets behind the written words, since the written words 
used are not clear. 

He also would like to join the previous speaker in asking how the size of the particles was 
ascertained. i-2o,oooth part of a square inch is very small, and it would be interesting to 
know by what means it was ascertainable. 

Mr. J. B. Hobbai With regard to depositing concrete under water, he entirely agreed 
with the suggestions put forward by Mr. Colson, that especially when depositing in big 
lumps, that is two or three cubic yards, the bulk of the mass defXMited at one time is not in 
any way influenced by the water, especially if the skip or the box lowering the concrete is 
carefully manipulated. 

With reference to the author’s remarks as to excess of water in concrete, there is also the 
lack of water in concrete to be considered, especially nowadays when machine mixing is used. 
When mixing concrete, especially In a machiM, it is just as detrimental to the concrete to be tTO 
dry ns it is to be too wet. 

This leads up to the possibility of adopting a standard of saturation of concrete. Given a 
certain definite class of aggregate, it appears there should be a definite amount of water to 
be added when mixing a batch, whether when mixing by hand or in a machine, and he did not 
think any attempts had ever been made to standardise the amount of water put into tbe concrete, 
and suggested it might be worth while finding, some point of saturation giving concrete of sudi 
a consistetMjy that the tendency to disintegrate when being placed in a tank is, to a large extght 
eliminated. With reference to concrete mixing, especiallV in machutos, this k an. entifieljr 
different proposition to mixing by hand. In mixing by hand, the practice has bees ift fhe pas; 
to turn over so many times dry and then so many times wet; but in machine mlaittji there Jatf. 
engineers at the present time who specify oir try to enforce mixing .in a macHbe^ fir^ "dry, 
then wet. It is an absolute fallacy. 



f Ma III a sai<} bd" had had considerable ex{>eTience in sand wasfainCi havintr • 

^gebed sometfaing like 1,000,000 tons. He noticed that what, the author stated on this point 

WM very accurate. • 

Aa to the question of the sise of sand, mentioned in one of the letters, he made his 
definition of sand about a round hole washed through; but it must -be understood that 
washing saiMl through a sieve is a totally different thing from drifting it, and he had always 
found a T^th round hole is practically the same as a ith square mesh, because a square mesh 
h^ a longer angle at the comers, so that sand washed through a 4th square hole and sand 
washed through a -^th round hole is practically the same, but it be the same as sand 

sifted through in the ordinary course on a job. When sifting the moisture it contnins 
must be taken into consideration. If it were very dry, it would sift very much more easily. 
The statement that sand should not be considered sand if it went through a 50 mesh was a great 
mistake. This also applied to concrete, because it means throwing away the most important 
part of the aggregate, and for this reason : if it is wanted to defeat percolation in cement thpt 
is finer sand, and finer sand to go down to a sieve of 100 mesh eacluway; 100 meshes to the inch 
would be most useful to slop percolation with cement. He had tried this and knew it Was ■ 
correct, and therefore the Concrete Institute’s definition ot sand as below so should be 
reconsidered. 

Pn/egaor Rotert M. Smith, AMaoc.MJaMt.C B„ etc., said he rather demurred with Mr. 
Alban Scott to the author’s use of the word “ mud.” It seems that on this subject it is very 
desirable, and perhaps iwoessary, to make careful distinction between those substances which 
contain any proportion of material that will actually go into solution in water and those that 
will not—that can only be held in water by «usi>ension; and what is ordinarily called mud 
usually contains a considerable quantity of matter that may go into solution in water. The 
phrase “ mud ” may be very useful in this connection but it ought to be defined perhaps as 
ma.terial containing matter that will go into solution in water, and cither “ flour ” or ” dust ” 
used for the stuff that Dr. Owens has called mud. 

Mr. M. No$l RIdlay, Aa»9e,M.Iaat.C.B. : With reference to the amount of Water in 
concrete, he believed in a medium amount of water, but considered an excess of water, unless 
it is too great, is better than having really too dry a concrete, and that there should be no 
ramming, or next door to no ramming, of the concrete; ramming is a very bad thing. 

As to mixing the concrete twice dry, twice wet, in all his ordinary work he carried out 
this very specification, and with the happiest results, so that for ordinary work that specification 
need not be departed from. 

In depositing concrete in water, be did not think there should be so much fear of the 
separation of the particles in depositing under water. He had recently put down in 
13 ft. to 14 ft. of water a considerable amount of concrete. No skips were used, but shoots with 
open ends. The shoots were placed on the ground and then the concrete was put in, and when 
properly filled up the shoot was raised and moved about to the different parts, and the concrete 
was being shovelled into the shoot the whole time; and that made splendid concrete. Of 
course, that concrete was mixed a little bit stronger than in ordinary coses, but the results were 
absolutely satisfactory. 


Mr. Haaty Paplati, MSm!.B., M.C.I.: The author has dealt with a very important matter 
ilk treating of the mixing of concrete, because the most careful calculation, the most skilled 
design and the best workmanship may all be nullified by the use of improperly mixed concrete. 

With regard to mixing machines, it is almost impossible to get a properly machine-mixed 
Cpncret^ wUh any mhcer in which the two operations of charging and discharging the machine 
non. be carried out simultaneously. The only safety is the employment of a type of mixer 
, which is rendered compulsorily intermittent by the application of some definite mechanical 


qjgfuratknt for the discharging of the concrete. 

.i'.'l ?. A. Wdimm, With regard to the idea that there is a certain definite 

of whicdi should be added to the aggregate, this is not the case; there is a 
i 4 it^ng ^eiShil*! pwportinn, it $§ not a dofini'^ proportion, and there is a oerfam amount 

or ^uld.Jite allowed) to contractors by engineers- in that 
in oneway, the-weather 'tmotrols it 
aiad- no definite, har'd-£^.fast rule 
^^at-has- to he put with coheme-that is 
apd-cemeht. ' ' • ' 

tilre q^ntity of water in tlie<4uunthy of 
question should have ref^r# 
in po two ;plac)^‘''would 'have' an''accurate 
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mq^urcment, and the quantity of water necessary to mix a certain quantity of ooncre^ with a 
, certain amount of aggregate would depend very largely upon the amount of the individual 
atoms composing the aggregate itself. 

s 

DR. OWENS'S REPLY. 


With reference to the thickness of the cement layer, he had not had time to describe 
in' detail the steps by which he arrived at that, but he found that when the cement settles 
through the water at a certain depth down below the surface it acquires what Is called a 
surface of separation—it defines a surface quUe clearly. Then, that goes on settling for another 
period, until a time is reached—about lo minutes—when it ceases to contract, and it does not get 
any thinner than that; and tliere appears to be a certain amount of water which it will not 
lose—that is between the interstices—and that is the time to measure, and it is easy to tell by 
watching it when it ceases to contract. 

A good deal of discussion has centred around the definition of sand and .shingle. The 
question is, i>erhai)s, somevyhat misunderstood : Is there a difference between sand and 
shingle, or are we asked to give an arbitrary definition between two things? There is a 
natural line drawn by nature between particles above certain size and below, and we ought 
to consider the things below that as sand, above as shingle. 

The elimination of all particles below what passes through a 50 mesh had also been referred 
to, and he was very strongly of the opinion that that is a mistake. There is no reason whatever 
for elimina^ng those particles. As a matter of fact, the very finest -particles, even down to 
i-r,oooth of an in. will act just as well as the coarser particles, 4 ind somewhat better, from some 
points of view, in making concrete. ^ 

One very important iwint referred to is the question of the imrosity of concrete. It is a 
well-known fact that particles of uniform size, when placed in a vessel, contain the maximum 
amount of air space or voids. If it is wished to reduce the amount of void, it can be done by 
introducing smaller particles which will fit between the larger ones, and this can be done to 
infinity imtil it is solid. The removal of those little particles which pass the 50 by 50 mesh 
is le.'iving vacancies which must be filled by cement or left empty. If they are left empty, 
porous concrete is the result. 

There has been some misunderstanding with reference to the deposit of concrete under 
water. Professor Adams, Mr. Colson, and several other gentlemen have referred to it. 
What it was intended to convey was that small pieces of concrete must not be dropped 
and allowed to settle through any depth of water, such as throwing concrete into a trench with 
a shovel. Of course, it is [lerfectly sound practice to put concrete through water in a big 
skip which can be opened when it has reached the bottom or through a shoot if the water 
is sufficiently shallow; there is another method adopted in trench work: that is to put the 
concrete in above the .surface, then put fresh concrete on the part above the surface, and it will 
push the other along so that it will not fall through the water. 

As to Mr. EtchelPs remarks on the gauging of sand by a sieve. There is rather a curious 
iwiot; it is surely i>eTfectly well-known. The particles of sand which fall through a sieve very, 
often fall end-wise, that is measuring the minimum diameter; in fact, if the particles which 
have passed through a sieve are put on the stage of a microscope and their diameter measured 
it will be found that it is maximum diameter which is being taken. 

Mr. Bidley referred to the lack of water being as bad as haviitg too much. As the 
Chairman has very wbely said, there must be neither too much, nor too little; there is a 
proper mean. If there is too little the concrete gets sticky, and you cannot mix it; while if 


more is used porous concrete results. 

It ought also to be made quite clear that it is utterly impossible to fix the amount of water 
to be added to concrete, because there are several things which govern this point. The amount 
of water which concrete should contain, can be fi.xed, but that is quite a different thing. The 
amount which is to be added depends upon the amxnint which is already present in the 
aggregate and also in the porosity of. the aggregate, also ui>on the shape of the particles, and 
upon various other things, but it is impqiseible to.teirwlbnt. that should be except by judging 
from the appearance of the concrete after it is maxle^ ' - ^ ' 

Professor Smith referred to the difference,be^tve^n mud ai^ course^ the jHwdi 

mud to be accurately defined, to base any sthfemhiii upoin d^^r^^es betwepa mud and 

clay or-M^^and sand, but in the ordinary meaning.^ the word !ii ^0^ nnt ieem neoehMry 
thnt one sh^ul? consider that mud is somethinlT.whith‘is matter, go into (Mujtiba. . 

Tbie-author concluded by answering some remarks,of and ofi 

of over.;mixing, and the meeting t|Mn contiladed'.'.' ’ 7 ■ 
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■ ' STEEL FRAME BUILDINGS IN LONDON. 


^ ^ By S. BYLAMDER, Churmu, Junior Institution of Engineers, M C.I. 

T/if following is a ^ort risumi of Mr. Bylander's Paper read before the Institute on 
February 13^, J913, as far as it deals with his views as to steel-frame buildings 
generally. As ihe three buildings particularly described in this Paper — viz.; The Ritz 
hotel, Selfridge's Stores, and tfee Royal Automobile Club—have been fully described 
anu illustrated in former issues of our journal,* that portion of Mr: Bylander's Paper 
is not reported here. 

In opentng, the author remarked that he believed this was the first paper on the 
subject of steelwork construction which has been presented, and be was glad to 
see. that the Concrete Institute had decided to invite jjapers and discussions on subjects 
within a broader range—namely, upon structural engineering generally—instead of 
confining them to the particular aspects of concrete and reinforced concrete only. 

In this paper it is not proposed to give a comparison, of advantages and disadvan¬ 
tages of steel buildings and reinforced concrete buildings, but to put forward a few 
factors which are of importance to the designer. The reinforced concrete engineer and 
the structural .steel engineer have many inUrests in common, and their co-oi>eration 
's an advantage. The advancement oi knowledge of the use of different materials 
IS essentially necessary before any ijrogrcss can be made. , 

The question of whether reinforced concrete, steel, or other material shall be used 
in a particular building must be left to •the deci.sion of the, architect, engineer, or 
estimator, who has made a careful study of the requirements in each case. 

There is not yet .any golden, general rule to determine when and where a particular 
material is most suitable. The only rule which is |x>ssiblc of application is use each 
material to its greatest advantage. 

Good engineering judgment, ba.sed on practical experienoc, combined with careful 
design and accurate calculation, is required to obtain the best results. 

STEEL FRAME BUILDINGS IN LONDON BEFORE THE YEAR 1909. 

The use of steelwork for the skeleton of the building before the pas.sing of the 
L.C.C. General Powers Act of 1909 was relatively small. Considerable progress has 
taken place during the last ten years, ;iind it isi very interesting to compare the con¬ 
struction ten years ago jwid that which is now gradually being introduced. 

He believed the Ritz Hotel was the finst building in London to be designed on 
the cage construction principle, about the year 1904. The usual construction at that 
time was to employ some steelwork in the internal part of the building only, or to 
carry the extem,al wall at the first floor level on steelwork to permit large shop 
windows, and sometimes steel pillars were used to strengthen external walls. Where 
fire-resisting buildings were required, the floors were usually constructed with solid 
plain concrete, carried on steel beams 2 ft. to 3 ft. centres, but very little precaution 
was taken for stability or protection against fire for the individual steel members. The 
pillars were generally made in one-story lengths, with caps and bases. 

At that time there were no recognised standard sections, but each mill rolled their 
own particular shapes. These conditions made it very difficult for the structural 
engineer to select the most economical sections, and a very great improvement has 
taken place through the standardisation of sections. 


L.C.C. 1909 ACT. 

The passing of the L.C.C. General Powers Act in 1909 had a very good effect upon 
the method of construction. It is to be regretted that the Act does not apply to 
huildings designed according to the old Act; nevertheless, the introduction of recog- 
nlsdi standard stresses and a general method of design amd superviapn will tend to 
i^tnpHfication and economy in, design and fairer competition and 4fer fractures. 
I^P 'Act can be satisfactory , to all, but it would have been better if the budlding code had 
^'Yorm of regulations by the tondon County Council instead of >an Act of 
, le^atioiM in cpnnietsfidh with engineering must/leeessarily be 

the sc!e^, imd pjsactioe adwtirtoes, and it is to hop^ that 
- futiiie 1^ Institute will urge the London, County Council to 

tp IfstiS 

I't'v' VW.iy.,No.l. Vdl.VL,Na.5. 
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STEEL FRAME BUllJyijtGi IN LONBON. 


• ECCENTRIC LOADINOw 

•Stresses from eccentric loads are always produced on pillars either on account of 
imperfect bearing under the base, in the joints, or on the cap; these may be called 
accidental eccentric loads. Loads carried on brackets, or otherwise placed eccentrically 
to the axis of the pillar, may be called iotentional eccentric loads. The loads placed 
on the cap of the column should in most cases be calculated as eccentric loads, although 
at first sight it may apf>ear that the load is placed concentric. On account of the 
deflection of the beams a bending moment is produced on the pillar, and allowance 
sliould be made for this when fixing a safe stress for the pillar. 

Another factor affecting the safe stress which is of very great importance is the 
question of the inset or edge distance of the section. 

More oonisideration should be given to the question of reduction of strength of the 
pillar section by rivet-holes. A safe stress for a direct load for a pillar should be set 
so low' that an increase of lo per cent, due to intentional eccentric loading will be 
permitted, and where the ccccnitric load is greater, the sections should be incr^ised 
correspondingly to 90 ]>er cent, of the eccentric Ipad only. By this means detail 
calculations for very small ecxx'ntric loading will not be required, and the engineer who 
calculates everything carefully and in detail will not be plai'ed at a disadvantage as 
compared with those w'ho do not go into details so completely. The maximum direct 
"stress sihoqjd be set so low that a slight beaiding should not necessitate increase of 
section. On the other hand, he thoroughly Ix'lievcd th.at pillars should be calculated for 
occertric intentional loads. , 


ACCURACY OF CALCULATIONS AND DRAWINGS. 

The chief point in connection with satisfactory and (M'onomicaJ design is accuracy 
of drawings and calculations. Higher stresses can be used when all loads and stresses 
are accurately calculat(*d, and when drawings are made so (x>mplete that no alterations, 
or very slight .aUerations, aix^ neo(*ssary in the finiil work, and when the work is well 
suiKjrvisod. 

The econoniic use of materials necessitates stressing same as high as is consistent 
with safety, and in order to us(' high stresses great care and accuracy must be exercised. 
These rules apply equally well to steelwork and reinforced concrete. 'ITie plans for a 
structure should be laid out with due consideration to the employment of the materials 
irtendifd. .Spacing of pillars, depth and span of girders, spacing of tx'ams, etc., affect 
the cost to a very considerable extent. It is hardly realised how much extra it costs to 
make the beams very shallow; very often double the material is put in beams because 
the original plans have been made with the assumption that shallow beams sihooild be 
used in order to obtain greater head room. It ran be said generally for steelwork as 
well as reinforeed concrete, work llie depth of beams of about i-i2th to i-i^th of the 
span is economical, and the spacing of pillars from 15 ft. to 20 ft. is also satisfactory. 
It is still more economical to place the pillars closer in one direction than the other in 
Older to use only |>rimary beams and no secondary' beams. This, however, is sddom 
possible in ordinary buildings in London. 

SURVEY OF SITE. 

The first thing to start with in preparing a set of working drawings for a build¬ 
ing should be to have an accurate survey of tlw site, from which to prepare dimensioned 
plans for walls and pillars. Unless accurate dimensions are obtained at an early date, 
the plans cannot be made correct to scale, which obviously will affect the accuracy of 
the calculations for loads and bending moments. 

SIMFLIFIED CALCULATIONS. 

The author has adopted the practice of using one sheet of paper, quarto size, for 
the calculation of each piece. Each piece has a mark or identification number, and 
this is used as the sheet number on the- calculaticMi sheet. This method will facilitate 
keeping of records, and avoid mistakes in connection with the alterations. It also 
permite of using printed sheets, and thus reduces the labour of repeating sketches and 
writing- He further believed that the adoption of pounds as a unit of Weights instead 
of hundredweights or tons is an advantage, for the reason that in cfose calcu^ttions 
one must deal with smaller unit weights than hundredweights, and decimals of 
hundredweights, and tons are not desirable;. If pounds are usii, the weight of 
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materials or the assumed superload can easily be varied a relatively small amoun<t*to 
iiuit-pequirements. The calculations of the dead weight of Actors can be convenitsn'tly 
made as follows; Assume reinforced concrete weighs one pound per square inch of 
section of beam or slab per foot run, thus, the slab 6 in. thick and 12 in. wide would 
weigh 72 lb. per foot run, and an 8 in. by 4 in. concrete beam 32 lb. One pound per 
square inch per foot run is equivalent to 144 lb. per ou. ft.—which is for all practical 
purposes a fair average weight. The result is that the weight calculated can be used 
directly as load to be carried without transferring same into hundredweights or tons. 
Pounds are very suiUible for unit weights and loads, but the pound is too small a unit 
for big loads. He had, therefore, adopted 1,000 lb. as a unit for big loads, and he 
called 1,000 lb. one kip, derived from kilo (=thousand) and p^(=pounds). To transfer 
from one unit to the other only necessitates moving the d^imal point thrt« places. 
A great amount of labour has been saved and mistakes have been avoided. The bending 
moment may be expressed in kips and inches, and the unit length of one inch is there- 
fwe used in the calculations throughout. 

The stresses are generally given in pounds per square fneh, except in the ras<’ of 
big areas, such as brickwork and ordinary concrete foundations, etc., where the 
j.rcssure is given in kips per sqmire foot. 

DRAWINGS. 

The drawings required for the sled structure may be divideti into three cla.-tses : 
(i) plans, (2) constructional details, (3) shop details. 

Plans. —^The plans should show the general design, position of pillars and beams, 
and give all main sections and mark of every separate piece .that is sent to the site. 

Constructional Details. —Constructional details are required to illustrate and make 
clear the conneotions, riveting, machining, and all genera] requlremenits, the relative 
dimensions between steelwork and stonework, etc. 

Shop Details. —^These are made for use in the shop, and should show every dimen¬ 
sion required to make the piece complete, and should not be merely constructional 
details leaving the accurate positions of rivets to be determined by the workmen in the 
shop. 

It is of equal importance lo have clear constructional details and shop drawings ns 
to have carefully designed general plans, l^nlcss the. shop details are carefully worked 
out for dimensions given on the drawings, showing rivet spacing, sizes of rivets, c'dge 
distances, accurate position of of)en holes for Acid rivets, notes of special requirements 
such as cutting, machining, countersinking, etc., it is not possible to obtain satisfactory 
work on the site. 

All details should be completed in the ofAce by the draughtsman and properly 
checked before the orders are issued to the shop. The checking cannot be done so 
effectively in the shop as is po.<»»ibIe in the office, and the cost of making alterations of 
the steelwork on the site is much greater than the cost of checking and correcting the 
details in the office. 

PROGRESS OF WORK. 

Systematic working throughout will prevent mistakes and difficulties, and procure 
satisfactory work and speedy erection. 

Order Lists. —^When the sihop drawings are Anished mill order lists are prepared, 
giving section and size of material required, and the material is ordered from the 
rolMng-mills. Then shop order lists are prepared for all duplicate work such as cleats, 
brackets, and stiffeners, and these order lists, together w'ith the shop details, are sent 
to the shop and the work is put in hand. 

During the progress of rolling and manufacture an inspector supervises the w'ork, 
tests the material, checks all dimension® from the detail drawing, inspects the Anished 
member, and approves or rejects same before , it is sent to the site for erection. The 
inspector sends weekly r^xwts to the engineer giving the marks of the pieces, stating: 

miiteri^ rolled, (a) pieces assembled, (3) pieces Jfeished, and (4) pieces sent to site, 
til . this itiatuier the engineer can supervise the satisfactory progress of the work, and 
„-jtRli;e precaut}<^ tf> avoid The erection is a very simple matter if the pillars are 

Actut^te position® to the pillar pl^ and the walls built to the 

ippTO^ndioiied plan® and di^tls. The erection can proceed with great speed, as all pieces 
to ,e 3 ^ct ^meneionv must At when delivered, care bdng taken in making 
V;'ti»v^e^gn to aSo^.^for ee^ mctioo^and the minimum amount of held riveting. 

> I ' '' ' --- . . . ■ 
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; NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this heeding reliable information xoill be presented of new works in coarse ot 
consiracHon or completed, and ihe examples selected wilt be frcm all parts of the world. 
It is not the intention to describe these works in detail, bat rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED, _ 


REINFORCEO CONCRETE EXTENSIONS TO ELECTRICITY WORKS. 

HULL CORPORATION. 

The works described belew include new engine-house and boiler-house with overhead 
coal bunker, now in course of <'rection at the Sculcoales Lane Electricity Works of 
the Hull CorjKiratkm. 

The engino-hou.se, which Is being erected at the end of the e.xisting engine-house, 
h.'is a width of 65 ft. between walls, a height of 26 ft. 6 in. to eaves, and a length of 

107 ft., w^h provision for future extensi(wi. 



Flan of Coal Bunker. 

Kukctricitv Works Extension, Hull Corpor 


'I'he turbo and condraser foundations are 
built of mass concrete upon a cluster of jiitch 
pine piles, with ba.sc'nients running each side 
at a level 12 ft. 6 in. below main floors. The 
flcxirs, which have been calculated to lak<‘ a 
dead load of 3 cwt. ]>er sup. ft., nmsisl of 
b-in. reinforced concrete slabs n'sting on cross¬ 
beams 15 in. by 20 in., forming girders of 
the usual T-seetion, and are reinforw'd by 
^-in. round rods with ^-in. stirrups to take 
up excess of shear. The sides and gabk* are 
comix>sed of curiiiin walls 6 in. thick below 
and 5 in. thick above floor level, reinforced 
by ^-in. rods vertically and hori<iontally at 
6-in. centres below and i8-in. centres above 
floor level, with footings 5 ft. by 1 ft. 9 in. 
with ^-in. rod reinforcements. 

The walls arc stifTcned by pilasters 24 in. 
by 12 in., each pilaster containing a 12-in. 
by 6-in. R.S.J., which joists at the side re¬ 
ceive the shoes of roof trusses; while at each 
alternate pilaster there are piers 14 in. by 

24 in., with l-in. vertical reinforcement and 
i-in. wire lacing, cfirried to a height of 19 ft. 
4 in. to receive longitudinal girders for travel¬ 
ling crane. 

The boiler-house, which htis a spiin of 
100 ft. and is 90 ft. long, with provision, as 
in the case of the engine-house, for future 
extension, is made up of a central basemt>nt 

25 ft. wide by 10 ft. 6 in. high, with boiler 
foundations on each side and main boiler- 
house floor above, with overhead coal bunker 
34 ft. from floor level. 

The roof is composed of steel lattice 
girders secured at the outer walls to the 
R.S.J.s previously mentioned, and on the 
inner adc by Lewis bolts to the sides of the 
coal bunker. 

The floors are made up of reinforced con¬ 
crete slabs 7 in. thick on the main ftjor and 
6 in. thick in the basement, resting upon 
crossbeams 18 in. by 24 in., and the cross- 
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ilMSSEm 


beams are reinforced in a similar manner to the engine-house, with additional longi¬ 
tudinal beams in the top floor to carry railway, which will be used temporarily pendSg 
the complete installation of mechanical stoking. “ 



'the i^tmdations and flue are made up of 9-in. concrete slabs similarly 

.Un^il,. w|th 9i-i|ik.. flreclay brickwork, and carried upon crossbeams 




















































































































REINFORCED CONCRETE EXTENSIONS 



View of Reinforced Concrete Columns supporting Reinforced Concrete Coal Bunker. 



Interiot of Turbo Hooiq. 


Elxctmcity Extensiom Woeks, Hwi-t Coepoeatiom. 
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i8 in. by 20 in., and 18 in. by 34 in. respectively, from which, in the case of the fluei 
they are separated by a sand joint to allow of free expansion and contraction. s 
The overhead coal bunker, as will be seen from the accompanying section, extends 
the whole length of the boiler-house, and is carried upon six reinforced concrete 
stanchions each 5 ft, by 3 ft. by 44 ft, long, supported upon a reinforced concrete 



Details of Bonlier Foundations and Stanchions. 


SLacTJticity Bxtknsion Works, Hun, CoaroitArioN. 


of Which detati Is given below, 13 ft. 6 in. by 9 ft. 6 in. by 4 ft. 6 in., rein- 
by a grillage pf bulb tees with i-in. stirrups to take up excess of shear. 

> ' Th^ Ipotings ,81^ iHUtied in turn upon clusters of pitch pine piles 14 in, by 14 in. 
The stanc;bi<»ts are built of 2 —j—-i shingle concrete reinforced by 28 No. li-in. 
foiihd rods with,.,lacigg. at aj-ip. centres, and have been designed to take a 
tnaxintum Idad p; zptipons^ 










Cross Section. 

Electricitv Extension Works, Hcll Corporation. 
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CaNTPETE 

The coal bunker is 35 ft. wide, 33 ft. high, and 95 ft. long, the underside being 
battered up at 40 deg. at gable to conveyor level, with a wood partition at the ot^Ser 
(temporary) end. 

The arrangement and the number of the supports of the coal bunker were 
governed by the positions of the water tube boilers and the necessity of providing an 
uninterrupted space between the fronts of the two rows of boilers. As only six points 
of support were available, the stanchions had to be of considerable sectional area. 
The capacity of the coal bunker is 2,000 tons. 

It is formed of 7-in. reinforced concrete sides, with top and bottom booms 48 in. 
by 30 in. carrying over a span of 40 ft., and a central longitudinal beam 9 ft. by 
I ft. 6 in. resting upon cross-beams over stanchions and intermediately. 

The slabs are reinforced by i-in. round rods at 4-in. centres, double reinforcement, 
horizontally and vertically, with ^-in. rods diagonally over supports to take up excess 
of shear, while the booms and cross-beams are reinforced by i^-in. round rods. Tlie 
bottom of the bunker is formed into pyramidal 6-in. slab hoppers carried upon canti¬ 
levers 12 in. wide with a maximum depth of 7 ft. 6 in. from sides and cross-beams, 
which batter to i8-in. outlets 34 ft. from floor level. 

The slabs are reinforced by ^in. round rods, while the cantilevers are reinforced 
by li-in. rods at top, and |-in. rods at bottom, with i-in. diameter lacing for shear. 

The top of the bunker Is formed by a steel truss roof carrying conveyor chamber , 
12 ft. 6 in. wide by 10 ft. 6 in. high, with steel floor, and sides formed of “ Hy-rib,” 
in which a bucket conveyor works, lifting coal into the hoppers from an underground 
coal bunker. 

This chamber is covered with steel trussed, slated roof, with ridge ino ft. from 
boiler-house floor. 

.Additional works comprise large underground pump chamber and drainage suni|), 
an underground ashpit and coal bunker, and two e.xhaust sumps, all in reinforced 
concrete, with cloakroom and the usual offices. 

There is also a switchboard chamber, 65 ft. long by 14 ft. wide by 26 ft. 6 in. high, 
along the south side of engine-house, built in reinforced concrete, but facixl in brick¬ 
work to correspond with the adjoining (existing) buildings. 

The foundations being soft clay upon a bed of peat, capable of bearing a load of 
only about 14 cwt. p<*r sup. ft., it was found necessary to pile the whole site, 400 pitch 
pine piles being used for the purpose. 

Owing to the nature of the foundations, large beams with low percentage of rein¬ 
forcement have been favoured, as giving additional lateral rigidity. 

The buildings have been specially considered in design w“ith the view’ of making 
them as fire-resisting as possible. Except the light wood lathing for securing the 
slates, the whole of the roofs are of strel, and, as an additional protection, large 
asbestos slabs about A in. thick are to be screwed to the lathing. 

The whole of the work was erected to the design of Mr. A. E. White, M.Inst.C.E., 
City Engineer, Hull, the contractor for the reinforced concrete and builders’ work 
being Mr. J. T. Levitt, Hull, and Messrs. E. C. and J. Keay, Ltd., Birmingham, for 
the constructional steelwork. 

KEINFORCBD CONCRETE BRIDGE IN FRANCE. 

The bridge here illustrated has recently been erected at Seytenex, near Annecy, in 
Savoy, France, by Messrs. Mazet and Limousin, Contractors and Licensees of the 
Coignet System at Lyons. 

As shown in the illustration (frontispiece), this bridge spans a deep valley, at the 
bottom of which runs a river, and the foimdations of the abutments and the piers are 
constructed on the rock. 

This p^ticular type of bridge is similar to the one which was erected about 
fifteen years ago, also on the Coignet System, at Luxemburg. It may be described as 
a compbsite structure, the arches, piers, and abutments being in stone masonry, and 
the supdr^nasturfe being entirely in reinforced concrete. 

A,|)p4t%®hle;^atdi« of this particular type of bridge is that it is composed of two 
arches in storie ipFiasonry, Instead of the usual single masonry arch, which is, 
tlE)i|iiir$iei more dpstly 'aitd more .complicated to erect. In this case the scaffolding for 
tiib lii^ibary ar^s is shifted, after the wcMrk has been completed, and used 

^ ^ fiiajoiQing arch, so that much lighter scaffolding is required 

■/titen’ bir tm The two arches are connected together by the reinforced 
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REINFORCED CONCRETE BRIDGE. 



concrete superstruc¬ 
ture, which they 
support. The spans 
of the principal 
arches of this bridge 
measure approxi¬ 
mately 140 ft., and 
the two smaller 
arches at each end 
have a span of about 
43 ft. The deck and 
the arches are calcu¬ 
lated for ordinary 
road traffic, the heavi¬ 
est moving load being 
that of a steam-roller 
weighing 15 tons. 
The principal mas¬ 
onry arches measure 
approximately 5 ft. 
at the springing and 
3 ft. in tlie middle. 

As stone is easily 
prtx:urable in this 
particular district, it 
was found more 
economical to make 
the arches in this 
manner than in con¬ 
crete or reinforced 
concrete. 

As shown in the 
accompanying eleva¬ 
tion and plan, the 
weight of the road¬ 
way and deck is 
transmitted on to 
the twin masonry 
arches by means of 
a series of pillars. 
The footpaths on 
either side support¬ 
ing an iron railing 
are cantilevered and 
supported at inter¬ 
vals by means of 
brackets. The width 
of the roadway is 
approximately 13 ft., 
and the total width 
of the bridge, includ¬ 
ing both ^de walks, 
is approximately 18 
ft. The masonry 
arches have a width 
of about 4 ft., and 
the interval between 
them is about 7 ft. 

The reiEtforoed 
concrete superstruc¬ 
ture, which inciwks 

















































REINFORCED CONCRETE IN SOUTH WALES 


the pillars, tie beams, and the deck, is executed on the Coignet System, which is 
composed ot a special arrangement of round bfirs of mild steel. The pillars contain 
four bars at each corner, held together by means of spiral ties of small diameter. The 
longitudinal beams contain two main bars in the bottom portion working in extension, 

and two upper 



bars in the top 
portion of the 
beam working 
in compression, 
. the two sets of 
bars being 
united by means 
of small-diame- 
tiT round bars or 
stirrups, which 
are intended to 
resist the 
shearing efforts 
in the beams. 
'J'he transverse 
beams under- 
neath the fl(Kir 
S slab, uniting the 
^ two parallel 
^ rows of pillars 
g above the 
^ arches, and sup- 
5 >: porting also the 
^ d decking, contain 
a * three bars in 
Bj tension and 
I three bar s 
g in compression, 
^ also united by 
« means of stir- 
2 rups. The deck- 
I ing itself, which 
is about 5 in. in 
thickness, con¬ 
tains a mesh- 
work of round 
bars. The rein¬ 
forced concrete 
decking is cov¬ 
ered by means 
of a certain 
thickness of 
richer concrete 
laid to fall to 
prevent the per¬ 
colation of water 
through the 
reinforced con¬ 
crete deck, and 


made up by means of about 9 in. of ordinary road metalling. 


the roadway is 


TINPLATE WOEKS, LLANELLY. SOVTH WALES. 

The accompanying illustrations show some works r«:ently erected with Winget ** 
concrete blocks. 
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The main building contains a travelling overhead crane carried on steel colunuis. 
The wall panels between the steel columns arc i8 ft. 8 ip, wide by 35 ft. high, andjate 
filled in with 32 in. by 9 in. by 9 in. hollow concrete blocks. 25,299 blocks were 
required in construction. 

The workshops, pickling-house, engine-house, and tin-house were all erected with 
hollow concrete blocks as above, the number used being 18,219. 

The photograph below shows that concrete blocks’ are admirably adapted for 
industrial purposes, and it will be noted that the walls are built “ honeycomb ” fashion 
for ventilation and the escape of fumes arising in the course of manufacturing tinplates. 



Tdkplatb Works. Lcanklly. South Wales. 


'The boundary wall (p. 283) was also constructed with “ Winget ” blocks, its length 
587 ^nd the height 10 ft.; 5,602 blocks were required for its erection, and to 
finish same 220 lengths of coping 32 in. by 12 in. by 9 in. were required, the latter also 
being made on the “ Winget ” machine. 

Thus the total number of concrete blocks used on this contract was 49,110. The 
blocks were made on a “ Winget ” concrete block-making machine, and the concrete 
was mixed in one of the company’s “ Express ” mixers. The output of blocks averaged 
400 per working day. The contractor was Mr. S. E. Clay, Nuneaton, for Messrs. R. 
Thomas & Co.,. Ltd., of Llanelly, South Wales, and the architect was Mr. W. H. 
Walker, la, Cherry Street, Birmingham. 




NEW BOOKS. 


NEW BOOKS 

AT HOME AND ABROAD. 

X short sammsty oj some of the lestUng books which hs/oe sppeseed dartng the Isst few tiumths^ 


' Slruetunl Details of Hip and Vallop 
Kaflors.'* By Carlton Thomaa Bishop. 


London: Chapman & Hall, Ltd., 11 Henrietta Street, 
Covent Garden, W.C. 72+vpp. Price 7/8 net. 


Contents .—Greneral Outline—Flange Con¬ 
nection—Web Connection—Notes on 
Other Cases—^Derivation of Formulas 
—Graphic Method of Determining 
Angles—Values and Logarithms for 
Common Cases. 


This volume is illustrated with numer¬ 
ous drawings which show the method of 
working for the vtirious cases which arc 
•described, and a great deal of csire lias 
been excrersed by the author in the pre¬ 
paration of the.se diagrams, which are 
clcjir and well drawn. 

There is no doubt that the detailing of 
hip and valley rafters with the various 
ixninections is a matter that is likely to 
cause a great amount of trouble to the 
inexperienced draughtsman, and a volume 
devoted entirely to this section of con¬ 
structional work should be i>f value. It 
is rather surprising to find that so much 
matter can b(‘ presented by such a limited 
subject, but there certainly do not ap¬ 
pear to be any superfluous notes or draw'- 
ings. The method of finding the nect‘s- 
sfiry numericiil value.s, both algebraically 
and graphically, is fully explained, and 
much ot the calculation i.s simplifi<'d by 
means of tables. The book is well jirc- 
pared, and although its us<i W'ill (tbviously 
be limited, as the .subject is not one which 
has to be dealt with every day, there is 
no doubt that it will meet the needs ()f the 
structural draughtsman when he is en¬ 
gaged in solving problems in hip and 
valley construction. 


Fir* T**t* with Roof CoT*rlaaa of A*b«sto» 
C*m*ot CorruiPt*d 8h**ts SahmlttaX 
for T**t hy th* Aab*atos Manufaoturaa 
C*. Ltd.*’ 

Red Book No. 174 of the British Fire Prevention Com¬ 
mittee. Publithed at the Offices of the Committee, 
B WeterloQ Place, S W. Price 2/6.* 

This Red book deals with tests under¬ 
taken with eight roofs covered with 
asbestos cement corrugated roofing, with 
pitches of 32®, 45®, and 68®. 

In the case of roofs i to 4 the roofing 
was on boarding, for roofs 5 and 6 tlM 
roofing rested on purlins, and in roofs 7 


and 8 the cnd.s of the roofing were bedded 
on the wall. 

The tests were of 30 minutes’, 45 
minutes’ and 60 minutes' duration. 

In some cases the removal of the fire 
was to be followed by the application of 
water, whereas in others no water was 
to be played upon the roof. 

The progress of the various tests is 
given In the form of logs, and in each 
case the obstTvations after test recorded. 
The report is excellently illustrated, and 
all dimensions .are given, with metric 
equivalents. 

*(A German edition of the Rei>ort has also been 
issued by the Committee's Continental Publishers 
(The Rechtsverlag, 6a Kbnigstrasse, Hannover). 

'* Experlmeata wUb Fixed Beam*" (**V*r. 

aueb* mil •iai*sp*nnt*n Balk*a"). By 

Dr. F. E. von Emperier. 

Leipzi^andVienna: FransDeuiike. 1913. PriceMk 10. 

ITie reinforced concrete committee of the 
Austrian Association of Engineers and 
Architects planned a s{3*ies of experiments 
on the strength of beams fixed at both 
ends, which have bcxin carried out by Dr. 
von Emperger, and are now described in 
hi.s* repi>rt. Som<* frwly supported beams 
were included for purposes of compari.son, 
as well as some balanced by a load beyond 
the bearing. The beams were prepared and 
tested at the Association’s testing place at 
Heiligenstadt. The testing method em¬ 
ployed was the simple one devised by Dr. 
von Emperger, and previously described in 
this journal. Delicate instruments of the 
Martens tyj>e were used for the measure¬ 
ment of deflections. In addition, as 
is usual in Continental work, each beam 
was photographed at the stage at which 
cracks became visible, and a complete re¬ 
cord of the manner of fracture was ob¬ 
tained. The effect of the loading on the 
walls into which the beams were built 
was also observed and recorded. 

The principal conclusions, arrived at as 
the result of these very extensive tests 
are 

I. Every beam which is not spedal’y 
constructed as a freely supported. beam 
should be regarded as at least partial!;' 
fixed, and the reinforcement at the Cods 
should be distributed accordingly. The, 
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compression zone should never be entirely 
fi-ee from reinforcement. 

2. In computation, the moment of 
flexure at the bearings must always be 
taken into account as well as the bending 
moment in the middle. 

3. Where proper connection is made be¬ 
tween the beam and its bearings, the 
beam may be regarded as completely fixed, 

and a moment of 5 L-- =0*083 til* may be 
12 

assumed at the ends and one-half of that 
value in the middle. The bearing is to 
be regarded as including not only a sec¬ 
tion of the wall of the same breadth as 
the beam, but a wider section depending 
on the quality of the material in the wall. 

' 4. In doubtful cases a less degree of 
fixing may be assumed. The experiments 
show that the distribution of stress adapts 
it.self to the reinforcement. 

5. The most complete fixing is obtained 
by completely connecting the reinforcement 
of the beam with the bearing, as in frame 
construction. In the absence of such a 
plan, the ends of the reinforcing rods may 
be merely bent over and embedded in the 
concrete of the bearing wall. 

6. With sufficiently rigid connwtion, th<* 
beam and bearing wall may be computed 
as a statical whole. 

7. Where the wall is of brickwork set 
in lime mortar, it is advi.sable to t'omputc 
the beam as if freely supported, but to 
provide for partial fixing by bimding up 
the reinforcing rods. A suitable support 
<)f Portland cement concrete may, how¬ 
ever, be built into the wall. 

8. The construction of cm-bels at the 


ends of the beams is of advantage. When 
these are large, the construction behaves 
as a cantilever, and the stresses are 
greatly diminished. 

*' Coacrato Building Blocks " (* Dsr Bstoa- 

Baublock”). Br Msx Kollor. 

Berlin: VerlagderTonindastrie Zeitung.lSIS. Price Mk 3. 

'ITiis little work deals, clearly and com¬ 
pactly, with the use of concrete blocks in 
building. The types of hollow block de¬ 
scribed arc classlfiod as American, Rus¬ 
sian, Austrian, and German, and examples 
of the .application of most of these are 
given. The variety of the constructions 
described is considerable, ranging from 
boundary walls and farm buildings to a 
large water-tower, which aiso swves the 
purpose of a view-tower. Concrete blocks 
have also found considerable application 
in Germany in the erection qf buildings* 
for military purposes on manoeuvring 
grounds, in place of the usual corrugated 
iron- structures.. A detaik'd account of the 
methods of manufacture is given, and 
one rha[)ter contains the plans and draw¬ 
ings for a detached house of .sati.sfaclory 
iirchitoctural appearance constructed with 
“ Phtmix ” hollow bkx'ks. The lintels, 
sills, etc., are in artificial stone, and the 
roof of cement tiles. The cost of hollow 
blocks is computed to vary from 10 to 17 
marks per cubic metre, an av<*rage value 
being 14 marks. This is assuming that 
only a single machine is us<'d, requiring 
the services of two men. Details of tests 
are also given, and the botik contains 
much useful information concerning this 
very useful and simple method of con¬ 
struction. 
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CORRESPONDENCE. 


CORRESPONDENCE. 

Under this heeding tve invite correspondence. 


REINFORCED CONCRETE FAILURES. 

Dear Sir, —In your editorial notes in a recent issue under the above heading you 
gave two warnings on the matter of failures in reinforced concrete work. 

The first one, addressed to the builder or contractor, is undoubtedly one with 
which everybody will agree, and this warning is certainly useful in view of the fact 
that many specialists send out invitations to tender broadcast, and in many instances 
these invitations are rccei\ed by builders who have had no previous experience of 
reinforced concrete. .To add to this warning, 1 venture to suggest that it would not 
be out of place to suggest to these specialists that they should send with their inquiries 
to builders sul'ticiently detailed spc>cifications and bills of quantities to enable the 
builders to realise the true value of the work. 

1 am sorry to say that many specialisls avoid giving details to builders in the 
'* Hope of being able to obtain a cheap price. It is obvious that, if a builder with 
insufficient information gives a price for which he afterwards finds he cannot carry 
out the work, the man is tempted to scamp the work. 

Taking the case of a builder tendering for an important job and receiving from 
about half-a-dozen or more firms of specialists offers of schemes and bills of quanti¬ 
ties, he will undoubtedly price every one of them and incorporate whichever is the 
cheapest in his tender, as he has no means of deciding for himself whether the 
cheapest one is really the best. 

Personally, I think that the danger of failure through this practice is rather large. 

As time goes on and the specialists multipl)', it is open for everybody who likes 
to do so to call himself a six-cialist, and to invite tenders on this basis in the hope 
of securing a job on which he is paid by royally, commission, or by selling the 
reinforcement. 

This brings me to critici.se the second warning which you issue, and which I 
venture to submit is unfair to those who combine designing and contracting. 

What is practically suggested in this second warning is that if those firms who 
combine contracting with designing have not yet had failures they are likely to have 
them in the future. 

I do not see at all why such firms are more likely to have failures than those who 
simply borrow schemes from independent specialists, and I would say, furthermore, 
that all failures that I can call to mind in this country have actually happened in cases 
where the specialist was not the contractor. 

What has actually taken place in the last few years is that firms of contractors, 
feeling uneasy owing to the amount of competitive systems that there are, and 
feeling a certain amount of uncertainty as to the relative merits of these systems, 
have actually either retained the services of a competent practitioner or,, engaged his 
entire services to advise them and to control the reinforced concrete department. 

It should be obvious to the writer of your editorial notes that a firm who under¬ 
takes the designing and the contracting together undertakes considerably more respon¬ 
sibility as compared with a firm who goes in for designing only. The specialist 
contractor cannot lay the fault on an outside designer, and the disputes as to whether 
the design is wrong or the contractor is at fault vanish altogether whe,n the whole 
work is carried out by one firm. Moreover, contractors who go to the care and 
.expense of organising departments of their own will naturally be firms who have large 
connections and important interests to protect, and have -thwefore every incentive to 
retain the services of or employ thorou^ly capable experts to advise them. 

A.R.I.B.A. 

The Editor, Concrete aitd Consiraciional Engineering. 
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Under this heeding it is proposed from time to time io present perttcultrs of the more 
popalsr uses to v)Mch concrete end reinforced concrete can be put. as, for instance, in the 
construction of houses, cottages and farm buildings. Previous articles V)ill be found in our 
issues of December, 1912, tmd January and March of this year.—ED. 


CONCHETE COTTAGES. 

The foUowing are some notes and particulars regarding a concrete cottage erected on 
Messrs. Rowntree’s estate, York, to the design of their architect, Mr. J. Swain, under 
who^ su;(>ervislon the work was also carried out. 

The cottage is* an experiment to attempt to solve the question of cheap well-buUt 
sanitary cottages for agricultural labourers. Mr. Swain writes as follows: 

“ Having designed very largely, and erected numerous structures in reinforced con¬ 
crete/! was convinced that if we would build cheaply and well, undoubtedly this is the- 





Concrete Cottage, York. 
Massas. RowKTRaa’s Estate. 


material to which architects will have to look for cheapness combined with durability. 
It muat, of course, be borne in mind that concrete work must be well done, and excep¬ 
tional care taken in,.the choice of materials and proportions, in order to have good results. 
The omeral is often inclined to look discouragingly on concrete breause his 

has ^Ught. him that in all probability he will be troubled with expansion, 

with regard to flat-roof construction. But practical 
! with the proper selection of materials, and ccmtbined with 

pass in every respect the British Standard Specification, 
arising. Tliere are two great faults oftMi made in 
,c^^ worit—namely, ritha- too great a proportion of cement or too 

of aggregate should be thinly coated with cement grouting, 
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and the interstices filled with the smaller proportions of aggregate and not cemented 
together with lumps of pure cement as is often the case, otherwise there is sure to 
be difficulty with uneven expansion. Concrete for roofs should be composed of gravel 
or the like impervious stone.” 

'I'lie writer has found the most simple and satisfactory method of obtaining proper 
proportions of aggregate is to pass the gravel through a screen having a circular mesh 
of l-in. diameter, and grading the aggregate down from | in. to pea size. This clean, 
wetted gravel should then be put into a bucket, filling it level with the top, and into 
this a sufficient quantity of water should be poured to fill up the interstices to over¬ 
flowing. The pro|>ortion of water necessary to fill the bucket in bulk is the proportion 
of sand to be added to the gravel. Both sand and gravel must be well washed and free 



Plan 

COMCKBTE COTTAOX, YoRK. 


from any foreign matter. Having obtained the proportions of sand required to mix 
with the gravel, the best proportion of cement is one to ss^^'in built. If these instruc¬ 
tions are carried out, and the concrete thoroughly wetted In the mixing, and kept wet 
for a few days, there, is little fear of leaky roofs. The Usual cause of unsatisfactory 
concrete work has been due to the contractor taking very little heed of the :^orete 
because be intends facing Mme with a granolithic finish. This musl on no aoemsut 
done if good, sound work is to be the result. The architect must insist upon the 
concrete being put down in a thoroughly wet mass, and, when it has sufficiently set to 
allow trowelling, the original surface must be wej:! trowelled with a metal trowel. If 
concrete is allowed to set and is followed on with a rich mixture of granolkfaic topping* 

XS9 
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a variatt<»i of expansion will be obtained, and expansion tracks will occur, and in 
many casei the granolithic will leave the body of the concrete, , 

The experimental cottage here described was constructed in everj was to pass the 
local bye-laws of York. The external walls are 9 in. thick. There was, of course, no 
necessity to use such a thickness, as the writer has built a two-storey house at the 
seaside where the walls are only 4^ in. thick, but the b\e-laws of York would not allow 
of any reduction. Blocks were cast in moulds, as show n in the accompanying photo¬ 
graph. The method of obtaining a rough cast finish was pnaured bv putting a thin 
layer of sand at the bottom of the moulds, embedding into it some sharp, clean basic 
slag, and then about 4 in. of good solid gravel concrete. 'I he mould was then filled up 
with concrete composed of clean, screened boiler ashes. 'Ihe ash concrete was used for 
two purposes, firstly, because it was cheaper than the gra\cl, and secondU, because it 
forms a good surface for skimming over with plaster, and prevents condensation to the 
walls. The same course is adopted for the reinforced concrete flat roofs and is worthy 
of comment. When making the slab at least i in. of good ash concrete should be put 
down and covered over immcdi.itely with the gra\el concrete, 'Ihis gets user any 



Concrete Cottage, York 

MbSSRS. ROWNfRBB's ESTATR 


difficulty experienced with extreme variations of temperature The internal walls were 
made entirely of ash concrete 2^ in, thick, and a mould and sample block are also to 
be seen in the illustration. 

The modus operundt for construt ting a cottage adopted by the writc*r is as 
follows• 


Strip the vegetable soil, and fill in with hard clinker ashes or broken stone or 
othf^ suitable material, lay over the whole of the site a 4 in. concrete slab composed of 
good gravel conc^e, bring up the sides the width of the walls to 6 in. above the exist- 
ing earth hue. This forms a raft similar to an inverted box lid. Care must be taken 
that the whole of the concrete necessary to form .this slab and the sides shall be done 
lit ^ day to prevent caracks or faulty adhesion. After a couple of days’ setting the 
™ Wocks forming the external walls can be proceeded with. These walls 
Which have a very i^atic appearance from the outside, have been smoothed off when 
tut tw internal face, eo as to dispense with expensive plastering. In a number of 
QOtmges it would be quite sufficient to give these walls a coating of lime-wash or 
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disternper, but in the cottage in question the walls were lightly skimmed with a coat 
of Jime-putty gauged with plaster of Paris. The windows were built in as the work 
prooeedtd, and the fascia w'as formed of solid concrete. This was done in order to 
embody small pieces of steel to stretch the wires for the reinforced concrete roof. The 
floor boards come in useful for centering for the concrete roof. 

The concrete roof was composed of gravel concrete carefully graded and mixed six 
to one. The wire reinforcement was then stretched across from side to side, and the 
slab cast 4 in. thick with stiffening beams on the outside so as to dispense w’ith expensive 
wooden forms and also unsightly ceilings. This slab was trowelled after it was properly 
set, and has proved perfectly watertight. 

Ash concrete was placed upon the gravel concrete floors to the necessary thickness, 
and the floor boards were nailed down to the same. When fastening the boards 
to the breeze or ash concrete foundation, care must be taken that the boards bed 
down solid on to the concrete. If the concrete is not perfectly level, fine ash should 
be sprinkled over in order that there shall be no air spaces between the boards and 
the concrete. Ihe concrete must also be thoroughly dry before it is covered with 
boards. Unless these two items are carefully watched, trouble will arise from rot. 
The writer’s experience, esjjechdly with large factory work, is that, provided the 
concrete is dry and the whole of the air expelled from under the boards, a thoroughly 
> sound floor can be obtained. Immediately it is endeavoured to get a small air space by 
inserting strips as is often done, dry-rot will ensue, w h’ch spreads very quxkly in vitiated 
air. 

The chimneys were very carefully worked out to prevent down draughts, by pro¬ 
viding adequate openings on each side, covered with concrete slab. It is often said that 
low shaft chimneys will not draw, but no difficulty has been experienced, although this 
cottage is placed in low land at the bottom of an orchard, and is surrounded by tall 
trees and higher buildings. The living room, which is 15 ft. 6 in. by 12 ft. 6 in. is 
provided with kitchen range, and the copper in scullery is built at buck of the range 
w'ith specially constructed flue and dami>er, so that the w'ater in the ct>pper is heat^ 
by the fine of the range. From the copper a jape is fixed so that hot water ran he 
discharged into the bath. In this case a w.c. was constructed as earth closets are not 
allowed, but the cost given does not include drainage. 

In addition to the living room and scullery above mentioned, the cottage comprises 
a bathroom, one bedroom 11 ft. 6 in. by 10 ft., and two smaller bedrooms, each 9 ft. 
by 9 ft. There is also provision for coals, and a passage 15 ft. 6 in. by 3 ft. 6 in. The 
height of the rooms is 8 ft. 6 in. ITie cost of labour and materials was together 
;^,'88 I2S. 8d., but it should be stated th.at no charge has been made for the boiler ashes, 
which were supplied free, and for which is. per load cartage was paid. This cottage has 
been inspected by the Right Hon. Walter Runciman, who expressed, great satisfaction 
with the accommodation and apjjearance. 



MtmofmnOM and JVcwff Hems are presented under this heading, vriih occasional editoriai 
comment. Authentic news will be welcome.—BD. 


BUILDING TRADES EXHIBITION. OLYMPIA, APRIL I2th TO APRIL 26tfa. 

We have been unable to obtain an advanced copy of the catalogue of the Building 
Trades Exhibition, but we leam that amongst the many concrete exhibits and kindred 
trades, the following firms have obtained space, and will, as usual, be thoroughly • 
represented:— 

Art Metal Coastructloa Co., Ltd., 5-1 f, Holborn, E.('.—Stand No, 104, Row E. 
The Aaaoclated Portland Cement Manufacturers 1900 ) Ltd., Portland House, 
Lloyds Avenue, E.C., will have their usual stand. No. 120, Row F. 

R. H. Baumgarten, 8 , Manor Park, Lewisham, I^ndon, S.E., of First Cottbus 
Cement Goods and Machine Works.—^Stand No. 128, Row F. 

BelPs United Asbestos Co., Ltd., Southwark Street, .S.E.—Stand No. 168, 
Row H. 


Blspbatn Hall Colliery Co., Orrcl, near Wigan. Stand No. 73, Row D. 

British Ceresit Waterproofing Co., Ltd., 68, Victoria Street, S.W.—Stand 
No. 210, Row J. 

The British Steel Piling Co., Dock House, Billiter Street, London, E.C.— 
Stand No. 7, Bay, in the Gallery. 

The Expanded Meta! Co., Ltd., York Mansion, York Street, Westminster, 
London, S.W., have their usual stand. No. 157, Row G. 

Qaneral Fireproofing Co., 34-36, Gresham Street, E.C.—Stand No. 95, Row E. 
Homan d Rodgers, 17, Graoechurch Street, E.C.—^Stand No. 130, Row F. 

Iroulte Co., Ltd.,i, Victoria Street, S.W.—Stand No. 214, Row J. 

W. Kennedy, n, Furzeham Road, West Drayton, Middlesex.—Stand No. 45, 
Row C, where demonstrations of rod-bending machines can be seen. 

Keraer, Oreenwood d Co,, King’s Lynn.—Pudlo waterproofing.—Stand No. 33, 
Row C. 

J. A. King d Co., 181, Queen Victoria Street, E.C.—Stand No, 112, Row F. 
Mack partitions. 


Flre^ResIstlttg Flooring Syndicate, Ltd., 133, High Holborn, 
W.C.—Stand No. 119, Row F. 

Lewis, Berger d Co., Homerton, N.—Stand No. 59, Row D. 

P. McNeill d Co., Lambs Passage, Bunhill Row, E.C.—Stand No. 103, Row E. 
Ogeaair, Ltd., 90, Victoria $treet, S.W.—Stand No. 176, Row H. 

, Co., Ltd., 508, Brunswick House, West. 

tnijnEcer, L^don, S.W.'T^i.Sfaftds Nps* 318-319, Row K, wheie exhibits of concrete 
^chines aiid staijl, pitiiiiig will be on view, 

will have an exhibiticHi demonstrating a 
call for considerable attention and. create 
No. 136, Row F. 

itreet, E.C.—Stand No. 153, Row G. 
&.C.—Stahd No; 63, Row D. 


%hlch will 

’:Vne, 
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TAe Truased Concrete Steel Co., Ltd., 6o, Caxton House, Westminster, 
Ix>ndon, S.W.—Stand No. 154, Row G. 

VIbroeel, Ltd., Eldon House, Eldon Street, E.C.—Stand No. 144, Row G. 

Vulcanite, Ltd., 118, Cannon Street, E.C.—Stand No. 105, Row E. 

The (U.K) Wlaget Concrete Machine Co., Ltd., Newcastle-on-Tyne.—Stand 
No. 193, Row J. Continuous demonstrations will be held of the “ Winget ” concrete 
block^ and slab-making machine, the “ Titan ” concrete block and slab-making 
machine, and the “ Express ” hand-power mixer. 

Most of the other well-known firms will be represented, and the exhibition bids 
fair to be as great a success this yf'ar as any held in the past. 

VIsIta to the Exhibition. —Hy the courtesy of Mr. H. Grevillc Montgomery, the 
members of the Institution of Municipal Engineers will visit the Exhibition on 
Saturday, .\pril 12th, at 3.30 p.m., the Exhibition authorities having kindly supprwd 
c.ards of admission . 

Similarly the members of the Concrete Institute will visit the Exhibition on 
Thursday aftenuxm, .April 24th, at 3 p.m. .Ap|)lications for tickets of admission should 
be made by members to the Secretary of the Institute. 

The British Fire Prevention Committee's Testing Station. —Owing to the 
•greater demands made upon the British Fire Prevention Committee for testing facilities, 
’I has been decided to enlarge their testing station and to add to their plant. 

The main building is also being reag'anged in such a form that the principal 
rooms will be available for the t'ommitte<^’s interesting technical and historical 
collections. 

It is anticipakd that the alterations will be compleUvl Kirly in April, w'hen the 
testing operations for the new session will commence with several tests of fire-resisting 
doors, various forms of glazing, some new extinguishers, and certain further tests 
with concrete fl«x)rs, etc., and with jjartitioning materials. 

.Apart from the usual appliances fix* fire tests emanating from Great Britain and the 
Colonies, there is a marked increase of requests for tes'ts from Germany and from the 
United States, where the C'ommittee’s reports also enjoy the rect>gnition of the public 
authorities. 

ERRATUM. 

Messrs. Newhouse’s Premises, Middlesbrough.— regret that the block 
(section) p. 204 of our March issue was inadvertently inserted upside down. 

TRADE NOTICES. 

The Bring Building Block Machine. — TTii-s.-pinchine consists of a substantially 
built mould box, the sides and <xids of which are hingtxl to a fixed table, and when 
ilosed they are held in position by wedge-shafxd standards. The machine is simple 
in action. It is claimed that either hollow or solid building blocks with any design of 
face can be quickly and effectively made on the Dring machine; furthw, that all 
classes of buildings can be quickly erected with its aid. Some buildings recently 
erected, viz., a pfigoda at VVynward Park and St. Mary’s Presbytery, Stockton-on-Tees, 
were illustrated and described in our February issue. 

Other buildings erected include a church at Horden, Durham. 

It is claimed that two men can make some 275 to 300 blocks per day, working nine 
hours per day, on one of these machines. 

Illustrate booklets and full particulars can be obtained from Messrs. J. Wilson 
Browne and Son, Ltd., 32-35, Ludgate Hill, Birmingham, who are the sole selling 
.ngmls and licensees. 

Reinforced Concrete Reservoir IPIketty Sj stem K—The Rural District Council 
of Sedgefield, Durham, has accepted the tender of Mr. J. W. White, of Smiderland, 
for the construction of the new water reservoir, in accordance with the plans of Messrs, 
Paul Piketty and Co., Reinforced Concrete Engineers, London, W,C, 

CONTRACTS. 

Large Cement Contracts. —^We understand that the Associated Portland Cement 
Manufacturers (1900), Limited, have recently completed oemtracts for approximately 
300,000 tons of Portland cement with eminent English and French codtnu^s fpr use 
in important port works at Buenos Ayres and May del Plata in the Atr^ntfaiOf and at 
Wo de Janeiro. , ' 
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llluatration ahowa croaa dam at the Entrance to Chertaey Look which ia 
now beinf reoonatruoted by the Tfaamea Conservancy. It ia a single row 
of our IS inoh x 43 lb. Piling, and in quite watertight. The same kind 
of piling is also being used for retaining the sides of the Look, 
afterwards being covered with concrete and forming part of the 

permanent work, 

THE STRONGEST PILING 
ON THE MARKET. 
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The Wouldham Cement Co., Ltd., have also, vve understand, contracted with 
Messrs. S. Pearson and Son, Ltd., for about 140,000 tons of Portland cement, required 
fol" the new Royal Albert Dock, London, and for the new port works at Valparaiso, 
Chili. 


CATALOGUES RECEIVED. 

The Spiral Bond Bmr Co. Ltd.—A new catalogue recently issued by this com¬ 
pany has been sent us. The booklet sets forth the advantages of the “ Trisec ” spiral 
bond bars for reinforced concrete construction. 

ITie bars are produced by two mechanical processes : first of all, straight bars of 
special section are rolled, and then the bars iire gently and gradually treated until 
they attain a spiral form. Powerful machinery is used for the mechanical process, 
and the operation is so carried out as to avoid injury to the structure of the metal. 

It is claim<*d that the spiral form of the bar provides a perfect mechanical bond, 
which is capable of effective resistance to tensile or compressive stress, as required. 

Briefly, the principal advantages claimed are: (i) economy and efficiency; (2) the 
mechanical bond saves the cost of mechanical i)reparations; (3) higher stresses can be 
employed ; (4) high buckling resistance in the case of compression members; (5) reduced 
weight, thus saving freight and cartage, etc. 

The booklet contains many illustnitions of buildings where the bars have been 
* employed, which include warehouses, grain silos, water-towers, lodging-houses, etc., 
etc. Illustrations of the works where the bars are manufactured are al.so given. 

Full particulars can be obtained from .the compsiny at their offices, Caxton House, 
Westminster, S.W. 

The British Steel Bar Co. Ltd.—\\\' have received a catalogue dealing with 
the company’s ‘‘ Helyxa ” bar. The booklet briefly explains how these bars, twisted 
in shape*, are made, and the various advantages attached to their use are set t>ut. 

It is claimed that these bars have a highly efficient mechanical bond; owing to 
the continuity of the rib running spirally round the bar it carries its full share of stress 
in the structure, i.e., the whole of the steel in the bar carries stress; no fishtailing is 
ret|uired; increa.sed bending resistance is obtained in comparison with the resistance 
obtained from plain and untwisted bars; a saving is effected in the steel; lastly, it is 
stated such bars arc frw from flaws owing to the mechanical process employed in 
manufacture, and they have absolute surface contact with the cement. Some tests 
made with the bars are reported on. 

Full particulars can be obtained on application to the company at their offices, 
17, Victoria Street, Westminster, S.W. 

ENQUIRY. 

Dear .Sir, —I shall be very glad to know if any of your correspondents can inform 
me if it is feasible to coii-struct a reinforced concrete tank which will be able to hold 
pure, clean water practically at boiling point? The tank is to be 1.4 ft. square and 
10 ft. high. 

I shall be glad if you could give me any information on this subject. 

I am, yours faithfully, 

The Editor, Concrete and Constructional Engineering, Enquirer. 


Rsplle*. 

ist Reply .—I have had no experience of the effect of boiling water on 
concrete, but 1 do not imagine that there would be any direct trouble experienced with 
disintegration of the concrete, as one of the tests for the soundness of cement is for the 
briquette to be immei-sed in boiling water. 

With such a small tank, 15 ft. square by 10 ft. high, I see no difficulty in making 
it of reinforced concrete, provi^d the base and sides of the tank are not restrained by 
outsit forces, so that contraction and expansion could be taken up without inducing 
stresses on the structure. If, on the other hand, the bottom and sid« of the tank 
are restrained in any way, the temperature stresses coyld be taken up quite well by 
adequate reinforcement. .... ' 

2nd Reply.—With reference to inquiry concerning reinforced cimcrete tank to hold 
pure, clean water practically at boiling pednt, I consid^ that it. is quite feasible to 
construct this, although I do not know of any example in practice of a sintflar nature. 
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' ^^^iicrtte shouTd not be affected or damaged by boiling water if the cement ia 'Of the 
nght quality and proper precauticms are taken in the execution of the work. I shouldT 
suggest that the reinforcement be in the form of several small bars in both directions 
in preference to a comparatively few bars widely spaced. The work should also Jbe 
allowed to stand for the maximum pa'iod of time after execution before being put into 
.use. The concrete should be a rich mixture, and the best aggregate would be a clean 
ballkst. A. L. 

3rd Reply .—I have not had any experience of concrete being subjected to the con¬ 
ditions mentioned in the above inquiry, but from experience with high dry temperatures, 
providing the concrete was properly made and profwrly reinforced, a dry heat of 
212° F. should not affect it, but after' some |>criod it is possible the concrete may com¬ 
mence to disintegrate with a wet tem^rature of 212° F. It is presumed that the tank 
would be open or that the steam would have free exit. I think, however, the principal 
trouble would be found at the water-line, where the concrete below and above the water 
would be subjected to such entirely different conditions. A. H. S. 
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Raie 6 tinea tor under), is. 1 each additional tine, lOd. Remit tnih order. 


T he owner of British patent 

No. 6607 of 1909, entitled " Improvements In Blocks 
for Reinforced Concrete Floors.” granted to F. Schiller, 
is desirous of disposing of the Patent or entering into a 
w rking arrangement under license whh firms likely to 
be intSTe<ted in the same. In the alternative the owner 
would be open to consider proposals to manufacturn the 
invention to fill any reauirrments of the market in Great 
Britain on terms to be arranged. The Patent covern an 
invention interesting toBuil<'er8,Contractors and rtheis 
employing Reinfo, ced C< nerete. Detailed information 
as to the inven ion will be found in the Patent Specifi¬ 
cation, of which a copy will be supplied to any interested 
party on request. Full partloulars can be obtained from 
and offers msde (for tran<misaion to the owner) 10 
Masks & Clbkk, 57 and 38 Lincoln's Inn Fields, 
London, W.C. 


(CONCRETE BOOKS at GREAT REDUC- 
,TIONS.—New Books at 25 per cent, discount. 
Books on Concrete. Engineering, Building Cmistrnction, 
Technical and all other subjects supplied. Sent on Ap- 
prox'al. State wants. Send for Lists. Book* purchased.— 
W.& G. Foyls, 121 Charing Cross Road, London. W.C. 


W ANTED. CEMENT. CONSULTANT. 

A Cement Manufacturer willing to take a seat on 
the Board of Directors preferred.—Address, Pox No. 149. 
CoNCKETE & Constructional Engineesing, N< rth 
British & Mercantile Building, Waterloo Place, Pall 
Mall. S.W. 


BRITISH IMPROVED CONSTRUCTION CO. 


Teltphone; 40iS7 Victoria. 


LTD. 

“ B I C ** 


Telegrams: "Biconereic, Vic. London.' 


47 VICTORIA STREET, WESTMINSTER, S.W. 


Manufacturers of all kinds of 

Concrete Constructional Materials 

(Plida w UdafoKol) 

; Indudm, PIPES, PARTITION AND PAVING 
SLABS. LEPERS, STANDARDS & POWER 
>T^ BEAMS 

;;AN&'etc., etc., ' 
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EDITORIAL NOTES. 


BUILDING TRADES EXHIBITION. 

For all interested in building construction and structural engineering, the event 
■bf last month has certainly been the great Building Trades Exhibition at 
Olympia, which has been eminently interesting and again indicated what fore¬ 
thought, careful organisation, and a definite purpose can achieve in exhibition 
management. 

In one or two directions, however, we should like to make some sugges¬ 
tions. Fipt of all, having regard to the dearth of new inventions or so-called 
•novelties in the Exhibition, it might be advisable to hold the Exhibition only 
once in three years or every four years. We believe that many of the exhibitors 
would be quite prepared to even pay a higher rate for their space if a somewhat 
longer interval intervened, and both the visitors and the exhibitors would 
probably appreciate the change, which need not mean any great pecuniary loss 
to the Exhibition management if the space rates are proportionately raised. 

Secondly, we think the management should rather discourage large paint 
exhibits, which, however handsome in themselves and at this particular Exhibi¬ 
tion quite exceptionally beautiful in certain cases, are in reality rather 
monotonous and uninteresting; and as the management is in that excellent 
position of being able to pick and choose its exhibitors, it might be better to 
allot more space to the really interesting exhibits and give these displays of 
paint work a lesser superficial area. 

Thirdly, regarding the general characteristics of the Exhibition, we fully 
realise the difficulty of enforcing regulations as to the character of the Exhibition 
stands, and the absence of onerous regulations cum competition has certainly 
led to a vast improvement in the stalls; but we certainly think there should be 
a limit of height both as to minimum and maximum. There was one very 
handsome exhibit housed in a half-timber house near the main entrance that 
largely spoilt the vista of the whole; and, on the other hand, there were certain 
exhibits on island sites which were not sufficiently pretentious and rather spoilt 
some of the principal points, to which more prominence should have been given. 

Another suggestion that would make for more prolonged visits by the 
older and perhaps more influential visitors, on whose specification the exhibitors 
largely depend, is the provision of ample chairs and seatii^ accommodation on 
the main floor of the building. There was Me attempt ^ tMs in the annexe, 
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but it should be remembered that many of the class of visitors who are really 
useful to the Exhibition have a -distaste for sitting- in tea or refreshment roqms 
and yet find a prolonged visit to the Exhibition too tiring without the facility 
for rest at intervals. Exhibitors themselves would also do well to have a more 
ample provision of chairs on their stalls if they wish to explain their systems and 
specialities at leisure to some of the older members of professions primarily 
concerned. 

As far as the purely structural exhibits are concerned— i.e., steel frame 
construction, concrete and fire-resisting constructiop', other than brickwork— 
we were somewhat disappointed at the rather limited number of exhibits in 
this particular section, and we all too fully realised that the concrete or 
reinforced industry had not made proper use of the very excellent opportunity 
afforded it, which we think to the detriment of its advancement. We have 
inquired very carefully into the reasons for this, and have come to the conclusion 
that this is partly due to the difficulty of obtaining suitable space for substantial 
displays, and, above all, to the limited time available for the preparation of. 
exhibits of a structural character; and we thus venture to suggest whether the 
time has not arrived for arranging for outdoor exhibits, for which suitable space 
could be devised under temporary shelters both in front of the main facade and 
at the side. 

We trust this matter may have the careful consideration of those interested 
in the subject, for we believe it would be eminently beneficial to those industries 
in which this journal is primarily interested if outdoor exhibits could be arranged 
for. 

With the Exhibition itself we deal in a special article, and in conclusion we 
W'ould again congratulate the principal organiser thereof, Mr. H. G. Montgomery, 
J.P., for the really model lines on which the work is organised and conducted. 

THE IMPENDING INTERNATIONAL ROAD CONGRESS. 

We should like to take this opportunity of reminding our readers of the 
International Road Congress which is to take place in London in June 
(June 23 rd to 28 th), inasmuch as the problem of utilising concrete and reinforced 
concrete in road construction is a matter which is coming largely to the front 
and is finding experienced advocates both in the United States and on the 
Continent of Europe. 

We have the unfortunate name at present in this country of lagging behind 
in matters relating to the careful consideration of the uses of concrete and 
reinforced concrete, and it might be well if, for once, an exception were made 
by us in faking the lead in the matter of investigation and research as to the use 
of concrete in road construction, seeing that there is no country where roads 
cou)d be more economically and practically constructed of concrete thap in 
:Ea|;]bnd> and that this type of road is particularly suitable for our increasing 
motor traffic. ■ 
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budding here described Is mainly of sleei, ana reinforeea concrete only plays a minor 
he vtork, but there are many features ofparllcular interest In the construction.—ED. 


This important building has been erected from the designs of Messrs. J. S. 
Ciibson, Skipwith & Gordon, on the site of the old Guildhall, close to West¬ 
minster Abbey, and it has an area of about 17,150 sq. ft., with a frontage of 
102 ft. to Broad Sanctuary, facing the*Abbey, and irxs ft. to Little George 
Street; while practically all the offices are lighted from the adjoining streets, as 
the site is an island one. The southern portion of the site has been covered for 
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Fig 1. View ihowios Steel Constniction. 

Thb Middlbsss Guildhall. 

several centuries by buildings devoted to the administraition of justice, and in 
the new building it was absolutely essential to provide accomn^iodation for the 
work of the Quarter Sessions of Middlesex, in addition to the chambers and 
offices necessary for carrying on the business of the Middlesex County Council* 
and the fact obviously governed the planning and design. The old Courts of 
Justice, which were demolished for the execution of the new buildii^, were built 
towards-the end of the eighteenth century, and the offices 'for>the Middlesex 
B 2 
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County Council were erected about seventeen years ago but 

of the whole of the building was necessary owing to th e large mc rease m.the 
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during^ the excavations by the contrac* 


























































THE MIDDLESEX GUILDHALL 

tors, who exposed a heavy rubble concrete raft, which 
appears to hiive been the foundation of the isolated belfry of 
the Abbey, erected about 1249-1253 and destroyed about 
1760. This old belfry took the form of a stone lower, which 
was 60 ft. high, and finished with a leaded spire. The raft 
was about 80 ft. by 70 ft. in area and 5 ft. thick, and, curious 
to relate, was carried on elm and beech piles closely spaced 
and about 10 ft. long, although the soil below the raft was a 
very good ballast. 

The new building is five storeys in height, giving a 
dimension of 50 ft. from the pavement level to the top of the 
main external walls, while the top of the parapet of the tower 
is 108 ft. above the same level. “A basement floor is con¬ 
structed below the pavement, and the greater part of this is 
alkx:atcd to the Prison Department, there being about 100 
cells with accommodation for warders and wardresses and 
police, and also several witness rooms. The remainder of the 
floor is occupied by the heating and ventilation chambers, and 
the numerous record nxjms, which are brick-vaulted and con¬ 
structed with due r^ard to the safe storage of the valuable 
records belonging to the County Council. 

The ground floor is utilised for the courts, of which there 
is a large one situated in the centre of the building, entered 
directly from the large vestibule and lighted from two internal 
areas; and a smaller one situated at the north end of the 
building; both these courts extending through the height of 
two floors. In addition to these courts there arc offices and 
piivate rooms for members. The first floor is devoted to 
committee and private rooms, and on the second floor the 
('ouncil chamber is planned to come over the larger court 
mentioned on the ground floor, and this council chamber 
provides accommodation for about 110 members and officials. 
A large anlc-room is situated on the ejist side of the council 
chamber, and the remainder of the floor and also the third 
floor is given up to offices. The whole of the elevations arc 
in Portland stone, and they have been designed in the Gothic 
style, which is in harmony with the environment of the 
building. The composition and detail of the building is very 
successful, and the towtr—^wbich is an important feature in 
the design—is happily proportioned, and adds additional 
interest to the scheme. 

The construction of the building is executed generally 
with steel weight-carrying members, with floor panels of tile 
and reinforced concrete; while the foundation to the tower is 
formed with a reinforced concrete raft, 3 ft. thick, designed 
by the Trussed Concrete Steel Co., on the Kahn system 
This raft carries the six stanchions which support the tower, 
the load from which, including floor loads, amounts to about 
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fySoo tons, and this was distributed over sufficient area to give a pressure on 
the soil not exceeding two tons per foot super. The reinforcement generally 
consisted of i-in. Rib bars. 



' Is l^ustfiated in Fig.'a, which shows the steelwork 

,'l^ieherally'speaking, the ends' of the main beams are 














































































































THE MIDDLESEX GUILDHALL. 


carried by piers where they come against the external walls, and stanchions and 
columns are only employed in the interior of the building. A large number of 
compound girders were used, and these were built up with rolled steel joists and 




Fii!. S. View showing Floor in Course of Construction. 



Fig fi. View showing Completed Floor. 
The Middibsxx Gvildhaix. 


plates, to give as shallow a section as possible. There were no exceptional 
spans or loads, owing to the straightfwward plan, the longest span on the 
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drawing illustrated being about 24 ft., and the largest compound girder 27 in. 
by 18 in. over all. In the interior of the building columns and stanchions were 
used, and the latter are of the compound type, built up with rolled steel sections 
and plates, these in some, cases resting on small grillage foundations, which 
were carried by the reinforced concrete raft. 

The floor panels are constructed on the patent “ Bigspan ” system by 
Messrs. Diespeker, and these are calculated to carry a superimposed load of 



Fig. 7. Section. 


The Midolbbex Guildhall. 


per sq», ft. A section showing this type of floor is given in the illustra- 
itiott ^ Ffg. and .it will seien that hollow tiles are used, these being about 

, iKide and These tiles are temporarily supported on planks 

f tlite,eon$tf14btknii;0f tfee and the sides of same form the centering 


which are tlbout 2 in. wide, with one rod on the 


of the span, and in addition one bar on the upper 
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surface to provide continuity where adjacent to the main steel beams. The bars 
arc kept in position duringf concreting by the steel clips which pass round the 
remforcement and are bent down at the top ends to rest on the tiles, as shown, 
these also giving provision against shear. About 2\ in. of concrete ds placed on 
top of the tiles, giving a total thickness to the floor of in. The photographic 
views show the floor construction during progress, and some of the bays have 
a width of i6 ft., thus showing the possibilities of this system, which is light 
and eminently fire-resisting. The roof construction is executed generally with 
a shaped frame, built up with rolled steel joists, which can hardly be desig¬ 
nated as an ordinary roof truss; but the roof over the Council Chamber is 
carried by two steel trusses, which have a span of 37 ft. 6 in., and these supjxjrt 
S-in. by 3-in. rolled steel purlins at 3-ft. centres. These purlins carry the 
concrete slabs, which in turn are covered with slating. The trusses have a 
principal rafter formed of two 6-in. by 3^-in. by ^-in. angles, while the ties and 
struts are formed with two 2^-in. by 2^-in. by 5-in. angles. The ties have a rise 
^of 6 ft. 3 in. at the centre of the span, and these arc built up with two 6-in. by 
3-in. by J-in. angles. The adoption of the method mentioned for the roofs 
generally allowed practically the whole 0/ the space within the sloping portions to 
be utilised for rooms, which would not have been possible with ordinary roof 
trusses. 

The building is healed on the vacuum steam system, and the courts, council 
chamber, committee and ante-rooms arc ventilated and heated on a Plenum 
system. There are two drainage systems, the rain water being dealt with at 
the basement ceiling level and carried directly to the sewer; while the soil and 
w'aste water drains are carried to a pneumatic ejector which raises the drainage 
from the low level to a suificient height to discharge it into the sewer. The 
general contractor for the work w'as Mr. James Carmichael, and the steelwork 
was executed by Messrs. Redpath, Brown & Co. The floors were carried out by 
Messrs. Diespeker, and the reinforced concrete raft by the Trussed Concrete 
Steel Co. 
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REINFORCED CONCRETE 
BEAMS. 

ON THE RESISTANCE OF BEAMS 
SUBJECTED TO FLEXURE. 

(1) SOLID RECTANGULAR BEAMS— 
SUPPORTED ENDS FREE. 








By ALFRED FYSON, M.Inst.C.E. 

Tfie following is ihe first of three articles prepared 6 v the Author, on the 
above sab/ect, and Should claim the attention of all interested.—ED, 

Introduction. 

The method employed for determitilnj; the moment of resistance of a reinforced concrete 
beam which now finds most favour with writers on the subject, and one also which 
appears to be most generally practised in constructional work, is the simple one of 
supposing all internal longitudinal tension to be resisted, by the reinforcement, the value 
of the concrete for such stress being ignored. One of the reasons for thus neglecting 
the tensional value of the concrete is the striving after so-called “ simplicity another 
reason is due to the little knowledge possessed as to its behavicfiir at comparatively 
small strains, and a total lack of knowledge as to its behaviour at great strains. 

The fact that an important element of a beam is thus theoretically eliminated whilst 
it is of necessity physically retained, precludes any possibility of rational or scientific 
treatment, as the premises on which such treatment is to be based must be more or 
less false. 

Instead of there being produced some rational theory founded on exact principles for 
determining the value of the moment of resistance, there arc sub.slituted certain as.'mmed 
conditions which are made to serve as bases for the arithmetical comjjutation for such 
purpose. 

Some of those assumed conditions are as follows :— 

“ The modulus of elasticity is supposed to be constant for both compression and 
tension in the same material; consequently the stress is directly proportional to the 
•Strain.” 

“ The value of the tmsional resistance of concrete being considered comparatively 
small, all such resistance is supposed to be taken up by the reinforcement; consequently 
the position of the neutral axis must be determined solely by the value of the concrete 
in compression and that of the reinforcement in tension.” 

“ The theory of * the conservation of plane surfaces ’ is to be observed; consequently 
all internal strain is uniformly varying.” 

Now, with the exception of. the last condition—and with respect to that it must not 
be inferred that all internal stress is uniformly varying—the others as set forth and their 
c<MX)llaries are not strictly true Tor small stresses and strains, and are not even approxi- 
mattily true for maxiifia limits usually adopted in practice. But it is claimed for such 

similar conditiorKB ari'stog; from them, that whatever departure from accuracy they 
tiriMil txioM or whatever, ^liitjgs tb^ may possess separately or combined, errors due 
i'Calu^es’will be in ^ iia|are of ejtoess of strength beyond that demanded, 

Itlh a ^ttr^iew toi tfiajt vialiility of such claim, the foUowlng investigations have been 

the theory of elasticity and flexure as generally 
htftrials wii! form the basis for rigorous mathematical 


vmF-. 







REINFORCED CONCRETE BEAMS. 


'treatment. Equations will be deduced for the method which excludes the value of the 
concrete in tension; other equations will be proposed for the method which includes the 
value of the concrete in tension. A beam of some definite dimensions will be calculated 
by both methods, and the resulting numerical details will furnish practical means fw 
comparing them. 

In order to distinguish herein between these two diverse methods, that which 
excludes the value of the concrete in tension will be termed a theory of “ Partial 
exclusion,” and that which includes the value of that material in tension will be termed 
a theory of ” Complete inclusion the terms “ exclusion ” and “ inclusion ” having 
reference to the horizontal components of the internal resisting forc^es. The principal 
explanatory data and symbols to be employed are as follows :— 

All linear dimensions are in inches. 

All loads in lbs., and stresses in lbs. j>cr sq. inch. 

All strains are in fractions of one inch, or proportum of the length involved. 

Generally the subfix „ designates the symbol as aflfect<*d by compre-ssion. 

B, H =respectively the breadth and depth overall of a beam. 

D = depth from compression surface of beam to the axis of reinforcement. 

. V =elTcclive depth of concrete, i.e., its unruptured depth. 

I'ot Fo = somc desired at permissible unit stress on the concrete in compression. 

F =unit stress in tension on the contTcte at its extreme outer surface. 

Fs, fs - some permissible or deduced unit stress on the reinforcement. 

Ec, .specified or actual modulus of elasticity for ccmcrete in com¬ 

pression. 

Ea =the m<xlulus of elasticity of the metal constituting the reinforcement. 
do Vo ho = positions of the neutral axis of a beam with respect to the extreme 
outer compression surface. 

d,v,h = positions of the neutral axis of a beam with respect to the axis of 
reinforcement. 

Mr Mr m-r = moments of resistance of a section as allocated herein. 

as ='the sectional area of the reinforcement. 

<r; =;the ” elastic ” strain for compression on the concrete due respectively 
to Fo and Fo. 

= the ‘‘ elastic ” strain for tension on the concrete at its exterior surface. 
n v' = ,, M M M tension on the metal constituting the rein¬ 

forcement. 

Other symbols, etc., will be found duly sot forth as occasion may demand them. 
With re.six>ct to the symbols d, do ; v, Vo ; h, h „; those under d refer to beams in which 
the tension on the concrete is entirely neglected; those under v refer to beams in which 
the concrete is capable of resisting, and is supposed to resist, tension over some par¬ 
ticular depth as defined by i' ; those under h refer to beams in which the concrete 
remains, sound and unimpaired between the extreme upper and lower surfaces of a 
beam, the depth over all of the concrete thus becoming available for purposes of 
intenial resistance. 

By the term ” strain,” which will be frequently used in these investigations, is to 
be understood the longitudinal alteration of length due to force acting in the same 
direction; and by “ stress ” is meant,the intensity of the internal resistance offered to 
such force. 

The Theory of Reststaace to Flexure 

The generally accepted hyfwthesis respecting the theory of the internal resistance o| 
a beam at a section as due to flexure may be briefly eemsidered in the following 

manner:— . . ■ 

Eet Fig. 1 represent part of the side of a rectangular beam of unifortrt' section^, 
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loaded in such manner that it is bent downwards, so that a constant bending moment 
exists throughout its length; thus only the action of the horizontal stresses and their 
corresponding strains will have to be considered. Let the moment of resistance of^all 
the internal forces at the section a a<, on the vertical line V V ^be required. Assume an 
elementary strip bounded by the planes Y Yo and Z Zq, its depth and breadth being ot 
the same dimensions as for the beam, and its length unity, or, say, i inch. 

Flexure causes the tqj of the beam to become compressed and the bottom to become 
extended, therefore the elementary strip is shewtened some amount at one extremity 
and lengthened an amount \ at the other extremity of its depth. 

Join the two points ho and b, so found by the straight line h „ h representing the 
side of a plane surface through the beam. The original section a a„on the line Y 
has gone through an angular movement and has shifted to the position b„ h, the only 
point which has not moved being at O, where the two sections cut each other; this point 
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FIG.l 

O is at the, neutral axis of the section a It will be noticed that the inclined line 
bo b has, by construction, been made a straight line; this is in conformity with what 
is termed “ The theory of the conservation of plane sections,” the meaning being that 
an originally plane section before bending remains plane during and after bending. 
Such a theory, however, can only be supposed to apply to materials which are j>erfectly 
elastic or in which the “ set ” has been eliminated or is so small that it need not be 
considered, and in such sense only will it be aci'epted in these investigations. 

The actual longitudinal strains now imposed on the elementary strips between 
y Yo and Z Zo ate indicated by the ordinates of the two triangles the perpendiculars of 
which are represented by the lengths and Xr- Corresponding with these strains 
are their stresses or internal resisting forces, and these—including the “ tension ” 
resistance of the reinforcement due to the extension n —do not vary in the same manner 
as the strains, but only in accordance with the relation between stress and strain for 
the particular materials employed, and that relation is never in direct proportion for any 
elastic substance. Within' certain low but varying limits, however, the relation between 
stress and strain is generally assumed to be in nearly direct proportion for most materials 
of construction, and such proportion is generally known as Hooke’s law. In order to 
define the. exact position of .the point O in the line Y Y^ a condition of internal static 
e^uUf&rluiii be observed. Supposing the internal resisting forces or stresses qf 
tension td b(B rqweisented algebraicaUy as of opposite signs, that con- 
lis, r the sdKti of the stresses must equal nothing. This, according 

tltatt,|be';«iTeifies'of, iximpr^ and -tensic^ due to the strains of 
^ in the two triangles bounded by the planes a and 
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' From the point O draw in opposite directions the straight lines OX, OXg, each 
normal to the line Y y„; the line X^OX becomes a side of the plane of the neutral axis 
of tshe beam, its depth from the top of beam being designated by the symbol hg. 

The moment of resistance at the section o a„ is found by adding together the 
products of all the internal normal forces and the distances of their respective centres 
of resistance from the neutral axis at O. 

Mathematical Determination ot the Moment of Resistance. 

In the diagram Fig. 2 let X^OX be the axis of strains, and YOY^ that of stresses, 
and suppose Oboh'o to be a compression stress-strain curve for the concrete composing 
the beam. The part of the diagram above the axis Xf,OX is to be allotted to compres¬ 
sion and that below it to tension. In the first instance the concrete will be considered 
separately \vithout reference to the reinforcement, and in all cases of strain it is to be 



Let ffTbe the measure of strain or the shortening of an elementary strip due to some 
particular or desired stress Fo in compression. Let the distance Oobo as an ordinate to 
the curve Obob)l, denote <rr; through uo and bo draw a line parallel to XoOX and pro¬ 
long it in each direction. That line may be assumed to represent the top of the beam 
shown in Fig. 1 % and the distance Oso may be assumed to represent its depth for the 
part in compression. From the point bo draw a straight line through O and prolong it 
into the part of the diagram allotted to tension to some point b. The straight line boOb 
is supposed to illustrate the “ Theory of the Conservation of Plane Sections.” Through 
b draw a line parallel to XoOX, cutting the axis YOVo in the point a; that line, 
prolonged in each direction, may be assumed to represent the bottom of the beam 
Fig 1, and the distance Oa the depth of the part in tension. The measure of strain 
oc the extension ab of the elementary strip is denoted by which is a known or 
measurable quantity. With Oa as axis of stresses. Construct the tension stress-^miq 
curve Ob'b for the concrete composing the beam, so that it passes through the j^int h 
already given, the point O being the origin. The ordinates to the stress-strain ci^«» 
Ob'b and Obobo must be drawn to the same scale, bnt owing to the fact that, the tWC 
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corves are never exactly alike for the same material, the scales for the tension and 
compression stresses on the axis YOYo cannot be the same, but it is not necessary to 
consider here their relative proportions, as the diagram is only intended for practical 
illustration. 

The effect of Flexure is to cause alterations of form in the stress-strain curves; 
thus the curve Ob^o moves up to and coincides with the straight line 06 ,,, and the 
curve Ob'b moves up to and coincides with the straight line Oh : the curves of strains 
now become straight lines, and their corresponding stresses can be graphically repre¬ 
sented as shown by the curves OcoCo and Or'c. 

The following method of plotting the curves of stresses on the bases Oa„ and Oa 
may be found instructive:—Take, for instance, the compression stress curve Ocof,,— 
At some stress fo on Oa„, the corresponding strain on the curve Obobo is «■. When 
the curve Obobo coincides with the straight line Obo the strain <r becomes augmented 
by an amount <r '—the difference between the ordinate to the straight line and that to 
the curve at /„■—and these two strains ir+(r' correspond with the stress fo and the 
augmentation fo due to a-'. This new stress /„+/o being plotted as an ordinate to a 
curve at fo on the base Oao determines a point in the required curve of stresses; other 
points being found in a similar manner and joined, the complete curve of stresses * 
OcoCo is formed. The tension stress curve Oc'c on the base Oa can be delineated in a 
similar manner to that just shown for compression. Now if the point 6 has been 
correctly chosen on the tension stress-strain curve, the sum 'of the stresses within the 
figure Oc'ca will be equal to the sum of those within the figure OcoC„a,„ and the 
condition of internal static equilibrium will be observed ; in such case the position of 
the plane of the neutral axis in the beam will be defined by the relation that 0«o bears 
to Oa each as a linear dimension, and not by the relation that Fo bears to F as stresses. 

It will now be convenient to substitute for some of the sj^mbols in Fig. 2 others 
which have S|>ecial reference to the physical proportions and necessary details connected 
with the proposed beam which will come under consideration. 

In general construction, let Fig. 3 (See page 3/3) be similar to Fig. 2, with the 
addition of the reinforcement which is now to be included. 

The total depth of the beam is 11 , and the depth from its .lop to the axis of rein¬ 
forcement is D, which is the sum of two parts; v, the distance from the axis of rciin- 
forcement to the neutral axis, and Vo, the distJince from the neutral axis to the top of 
the beam. 

The vertical distance V is the depth from the top of the beam to the point in the 
mass of concrete w^hich is effective for purposes of horizontal resistance. Thus, if a 
crack or other isimilar defect appeared (as shown in the diagram), the depth or vertical 
extent of such rupture or defect, H—V = q, would be ineffective, a.nd only the depth, 
V--Vo~^> would be effective for purjxvscs of calculating the resistance of the concrete 
due to tension. 


Theory ofComplete Iaclueloa.”—Derlvetlon of the Equations. 

The equatidns now to be proposed will mainly be based on some desired stress, 
Fa» in compression; they will also depend on the depth, Vo, of the “ compression ” part 
, of' the concrete, the effective dcjfrfh, V, of the concrete, the depth, X), of the reinforoe- 
pimt .below the top of the beam, and the relaticms' between stress and strain in the 
Jh the" concrete.' 

- i i'l’pti: to for^^ so as to detentiine the monnent of resistance 

3i'1«;<(«o^tmce'wk various conditions appertaining to 
the .w'hrfaiyaha^ of-the concrete is utilised, and to this end means 
between stress, strain, and their connections 




fi?itj, 4 w:c^ define the precise relation between 
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stress and strain for any natural material has yet to be promulgated; but one which 
will, within certain limits, define such relation with fair accuracy is that which is 
genially termed an exponential form of equation, as follows :— 

-i J 

for compression and \=K/* for ten -ion, 


w'here m, n, C and K are coefficients to be determined by the particular nature of the 
material under consideration. 

Such equations, which have already been used by sonic Continental writers, do not 
and cannot be made to express accurately any stress-strain curve throughout its entire 
range, to whatever degree of refinement the exponents m and n. or the coefficients C and 
K may be chosen; but beyond low stresses and strains and up to the ordinary working 
values usually obtaining in practice, they.can be made to give results which will agree 
very well with those derived from experimental tests. 

In Fig. 3 the curve OcoCo represents the “ compression ” stresses acting on the 
depth Vo, some definite stress Fo being a known limit. Any other stress fo at the 
distance yo from the axis XqOX can be found in terms of Fo from the following 
expression: 

Thus when y,, is equal to v,, then fo becomes F„. 

The direct relation between stress and strain is thus expressed. 

/-©■"I 

( 2 ) 


whence 






The stresses in tension on the concrete are represented by the curie Oe'e, and the 
depth over which those stresses “xtend is denoted by u. In fhe first instance, the 
concrete will be supposed to be sound from to[) to bottom, and therefore effective for 
tension from tlie neutral axis to the bottom of the beam, .so that q — o and u=H~Vo‘ 
Any stress / at the distance y from the axis A'oO.Y can be found in terms of F from the 
following expression :—• 


=Kf)“ 

The direct relation between stress and strain is thus expressed :— 
whence ■^~(^) 


( 3 ) 


( 4 ) 


The numerical equivalents of the eixjxments m and n and of the coefficients C and 
K may be any positive quantities, whole or fractional, which will best suit the purpose 
for w'hich they are required. 

Hitherto the relation between stress and strain has been represented by a curve 
called the stress-strain curve, but within certain limits such relation may be expressed 
by a numerical constant termed the “ coefficient ” or “ modulus ” of elasticity. This 
modulus is often practically stated in a very vague manner, so that in one case it may 
be due to the ‘‘ total ” alteration of length of a test-pieoo, resulting from the direct 
action of a known stress or force; in another case it may be due to the “ elastic ” altera¬ 
tion of such length from a similar cause; and in yet others k may be due to some 
alteration of length between those two extremes. In reality only the “ elastic ” change 
of length ought to be understood; and in such sense it will be employed here. For 
materials in which the modulus of elasticity—it is somrtimes not im|M<^rly called the 
modulus of stiffness—is apprwiimately a numerical constant such a method of 
bining the relation between stress and strain has considerable advanta^ Un¬ 
fortunately, Iwwever, so far as exact science is concerned, the coefficient of elasticity is 
never a consent for any material; but for practical purposes it is generally assqmed 

3M 
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(hat no great error,is committed by supposing it—usually denoted by the letter E —to be 
a numerical constant up to some fairly well-defined limit of. stress, and differing in 
value only with the differing material it is supposed to represent. The coefficient expjess- 
ing this modulus of elasticity is stated thus by Rankine :— 

^ __1_ 

longitudinal pliability, ^' 

In some metals—especially iron and steel—the stress and strain vary in nearly 
direct proportion almost up to the limits of ordinary working stresses, and such propor¬ 
tion of uniformly varying stress will be accepted here. Thus for steel, which metal will 
constitute the reimforoement, the a>efficient stated in lbs. j>er sq. in. is— 


Es=— 
* n 


(5) 


In (5) the modulus of elasticity E* i.s found in terms of f* and v, fa being the 
intensity of stress to be here computed at lbs. per sq. in., and 11 the alteration in length 
due to that stress on a prism of the metal originally i in. in length. The result of all 
the internal forces acting in combination at the section aa„ Fig. 3—giving the moment 
of resistance at that section—is thus determined. 

The forces in compression, comprised within thti area OcoCoflo Eig. 3, are to be 
denoted by * 

The forces in tension on the concrete within the area Oc'ca are to be denoted 
hy A. * . , 

The forces in tension, due to the extension tj of the reinforcement, are to be denoted 
by An. 

It is necessary to determine the exact position of the neutral axis at O in the section 

aao. 

The condition with respect to the equality of the forces on either side of this point 
has already been laid down, and in symbols is as follows :— 


Aft — s4 "f" As 


( 6 ) 


The forces in (6) are to be separately determined, the breadth B of the section being now 
included in the equations where necessary :— 

The forces in combres.sion .4o, or the product of the area OcfVoffo and B: 


lo~BJfo ^yo 


Substituting for f its value in (i) 

-BF 

Vo”* 


V f'o -o 

J y„ = o 


BFq y o 
n+m) Vo”* 


Makingyo=no Then = 


(ii) 


(iii) 


(7) 


The forces in tension A—in the concrete only—or the product of the area Oc'ca 
and B ;•*- 

A / f 8 v (iv) 


r 

^BjfSy 

J s-o 

Sttbstitnfing lor f its valtie in (3)— 

nmSS 



(v) 


(vl) 


I*,) is a Irnown quanidty; but the unit stress of the 
It must, be put In terms which are or can be 
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In Fig. 3 the triangles Ob a and Oboao are similar, therefore the following ratio 
holds :— \:u::<rT'.Vo (vii) 

whehce (viii) 


Substituting this value for \t in equation (4), it is found that— 



In (vi) let F be substituted for its value in (ix); 


Then 




(ix) 

(x) 


But M is a quantity not depending ewi H, the total depth of concrete, but on the 


depth of concrete capable of resisting tension—determined by the extent the material 



is weakened by a crack or similar loss of cohesion, indicated in Fig. 3 and defined there 
by V—Vo. 

Then u=V—vo (xi) 

Substituting this value of u in (x) and reducing— 


Then 




The forces in tension — A,—in the reinforcement, due to the extension v and the 
sectional area as of the metal;— 

As=asf (xii) 

In (xii) either <is or fs may be supposed known. 

In this instance, let a,, the sectional area of the reinfcH'cement be known. Accord¬ 
ing to Fig. 3, the metal has extended an amount 1?, due to flexure of the beam, and from 
geom^rical considerations the following ratio must told—the reinforcement being 
supposed to run normal to the, vertical sectionffa®:— 

ij:»: (xiii), 

whence * (xiv) 
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From (5) it is found that 


Equating these two values of ij, 


’>= 4 . 


then 


_ Es<’'tV 
Vo 


Substituting this value of /, in (xii) it is found that— 

A Og Egtf tV 

^3 -, 


Vo 


Or, as Vq, it will be found convenient to express (xvi) thus- 

As^CtsEsCr ( — 




(xv)* 


fxvi) 


(9) 


To determine the position of the plane of the neutral axis through the point O, 

Fig- 3 - 

Collecting the terms on the right-hand sides of equations (7), (8), and (g) and 
equating them so as to conform with those in (6), the jxDsition of the point O may be 
found by solving the following equation for p„ :— 

BFoVji^ B xv,/^-iy^"+fl»E»<rT(—-1) (xvii) 

l + W \Vo ' 'Vo • 

As the stress Fo and its corresponding strain are both known, it may be coi«- 
veniejit to employ a coefficient of elasticity for the concrete in compression for such 
strictly defined stress and strain and introduce it into the equations. 

ITius let Eg represent such coefficient of elasticity.’ 


P P 

Then Fc= ”, and therefore 

(Tt he 


( 10 ) 




( 11 ) 


In (xvii) for o-,. substitute its value in (10) and reduce; then— 

il+n^KEc' /’o'Vo ' BEc\vo ' 

This equation (ii) cannot always be solved algebraically, but if numerical values 
are substituted for their corre.spimding symbols, then ro, which defines the position of 
the neutral axis, can be determined to any rec|uired degree of appro.vimation by some 
known method for such purpose. 

The position of the plane of the neutral axis through O, Fig. 3, having been found, 
the moments of all the forces about that axis which are acting at the sertitm aa„ can 
now be determined. 

Let Mo M and Ms represent the moments about the neutral axis respectively of 
the resisting forces of compression in the concrete, of tension in the concrete, and of 
tension in the reinforcement, and let Mp, the sum of all those moments, represent the 
total internal resistance at the section, thus— 

Mr-^Mo+M+Ms (12) 

The moment of resistance of each set of forces may be determined by taking the 
product of its value, as previously found, and the distance of its centre of resistance from 
the neutral axis. 

P'or Me, the moment of resistance of the concrete in compression. 


Mo^b! fayoSyo 


Proofing in a manner similar to that shown for finding Aq, 


r o 

li.. o 


o 

SF 


{2+m)v^ 


(xviii) 


(xix) 


( 13 ) 
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, For M, the moment of resistance of the concrete in tension. 


'=BlfySy 

J y —0 


Proceeding in a manner similar to that shown for finding A. 


r BF p 


BF y^+** 
(2+«)«*» 


Making y = «. ThenM = 


BFu^ 


For reasons already given with rcsj>ect to the value of F, let the terms on the right- 
hand side of equation (ix) be substituted for that symbol in (xxit). 

Then 

F 1 ) 

ButM= K—VoandffT= 7 :r- •) By equations (xi) and (10) [ 

Ec ( ) 

Introducing those terms into (xxiii) and reducing, it is found that— 

B / ^' \« ,/V .\2+n 


2-i-n\KEc' °Wo ' 


For Ms, the moment of resistance of fhe reinforcement in tension. 

Ms — AsV (xxiv) 

Substituting for yls in (xxiv) its value as given in (xvi) and remembering that 


v=D-Vo. 


_asEs<rT {D Vn) 


Substituting for vr its value, fis previously found, and riducing. 


Then 


_asEsF„Vn/D_ , y 

’L \e« J 


Ec \vo J 

For Mn the total moment of resistance at the section. 

Collecting tin* terms on the right-hand sides of equations (13), (14), and (15) and 
equating them so as to conform with those in (12), then the total moment of resistance 
at the given section is found to be— 

(jf^Yx (>:- ■.••(?-.)■ (.6) 

(2 + nt 2+n\l<h,c' '^o ' ' -Ec 'Vo ' 

With resi)eet to the value of the mmnent of resistance generally, it is, of course, under¬ 
stood that it must Ik; at least equal to the bending moment. 

OthcT functions, the numerical equivalents of which ‘ will be required, are as 
follows, and they can be deduced from the equations set against them :— 

The extension of the concrete at the bottom of the beam . V from (viii) 

The unit stress on the ctincrete in tension due to X, . F „ (4) 

The extension of the reinforcement . ,, (xiv) 

The unit stress on the reinforcement. f, „ (5) 

From the foregoing equations the moment of resistance of a reinforced concrete 
beam can be determined for any description of concrete or metal reinforcement employed, 
provided the respective relations between stress and strain are corectly obtained. 

The general principles on which those equations are based include the value of the 
concrete in tension; they are framed in conformity with the laws of elasticity as usually 
accepted, and the main conditions on which the theory of flexure are based accord with 
the teachings of eminent authorities cm the subject. 

Let it be assumed then that results derived from those equations may bd considered 
—at all events for present purposes—-as being close approximations to practical and 
theoretical accuracy. 

(To be continued.) 
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THE BUILDING 
TRADES 
EXHIBITION, 
OLYMPIA 


TTie Building Trades Exhibition 
•tuhich took place at Olympia last 
month suas highly instracime and 
interesting, and, although no remark¬ 
able changes have taken place in build¬ 
ing methods during the two years 
which have elapsed since the previous 
eihibttton, a certain development can 
be observed in the details relating to 
fire-resisting construction. — ED. 


Tins exhibiticm presents a unique opportunity to all those interested in the building 
trade, both professional and practical, for studying numerous points in connection 
with design and construction, which possibly they hi'vc never met with in practice, and 
almost unconsciously they learn much which is useful, and at a later date, when dealing 
with a new problem, take advantage of some material or method that first attracted 
their attention at Olympia. 

There is much to be said for these exhibitions; for example, the advantages of any 
particular system can be so readily understood when' explained by a competent 
person; further, the architect and the specialist are brought in touch with one another 
in a manner which is only possible on such occasions, while the systematic records of the 
exhibits cannot fail to be interesting, as they indicate the progress of the science of 
building, which is a fascinating subject, even to those whose daily occupation does not 
compel them to deal with these matters. 


CEMENT. 

The value of this material in building work has become so great, owing to the 
extensive use of reinforced concrete, that it is impossible to lay too much stress on the 
importanice of studying the methods and products of .the largest producers of Portland 
oement ui this country, and on the stand of the Asaoclated Ponlaad Cament Maaa- 
iketuran ( 1900 ) Ltd. (No. 120, row F) there was much of interest. The stand 
itself is worthy of special mentioni, it being of pleasing design and well proportioned, 
as will be seen on reference to the photographic view here shown. The interior was 
treaded with old oak panelled walls and timbered ceilings with large oak 
beat^ dividing the latter inito three hays, with an ingle nook containing the old- 
fai^ioned ftreplaoe at one end, The effect of this treatment was very cosy, and 
called one,, to linger for S^e time before passing out again into the noise 
at"' " “ 


of the exhibition.. The exhibits erf the company were excellent and varied, 
sahiples welUknown brands of Portland cement, including J. B. 

roe.^ Hihtmi, Co„ Frances’Nine Elms,” Knight, Bevan & 

** Bufhain;” ” Ix>ndon Portland,” ” Gillingham,” 
’’Tinge’s,” Vectis,” '* Robins,” and also their 
is recommended ahd highly suitable for all classes 
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The cement is made by most thorough and up-to-date methods, and samples were 
shown depicting the material at the various stages of manufacture, while there were other 

samples of 
cement 
ground t o 
various de- 
grees of 
fine ness. 
Many bri¬ 
quettes and 
cubes of 
various 
ages and 
m i X t urcs 
for testing 
p u r p o ses 
were 
shown, and 
p r a c t ical 
tests were 
carried out 
during the 
e X hibition 
by the aid 
of a com¬ 
plete test¬ 
ing appara- 
t u s which 

Exterior View ok Stand in' The Asisociated Portland Cement Manufacturers ( 1900 ) Ltd. Jg jn con- 

f o r m i ty 

with the requirements of the revised British Standard Specification. Of particular 
interest were the various apparata for determining whether aggregates require washing 
before use, for ascertaining the proportion of voids in aggregates, and for testing 
concrete to 
see if same 
is mixed in 
the speci¬ 
fied propor¬ 
tions. .An¬ 
other inter¬ 
esting fea- 
t u r e was 
the hydrau¬ 
lic crushing 
m a c h i ne 
used for 
testing 
cubes of 
50 sq. c.m. 
area, this 
reading up 
to 50 tons 
and being 
made at 
the c o m - 
pany’s e n- 
g i n e ering 
shops from 
their own 
designs. 

Various Interior View of Stand or rps Associated Portiaiio Cxmsmt MANtirAC‘ro)ticM (IMqII l(T*k 
samples of . ' 3’^ 
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Other materials were also shown, such as aggregates of all descriptions, both suitable 
and unsuitable for concrete work, and Plaster of Paris, Keene’s, Parian, and Roman 

cements. Their 
practical handbook 
entitled “ Everyday 
Uses of Portland 
Cement ” (3rd ed.), 
which treats with 
the economical em¬ 
ployment of Poi t- 
land cement for all 
purpose's, was also 
on sale on the 
stand, and, in fact, 
the exhibits covm'd 
all points connected 
with this material. 


,tto- . 


th£ 




Messrs. Mar¬ 
tin, Earle & Co., 
Ltd., exhibited 
various samples of 
their products, in¬ 
cluding their wnll- 
known “Rhino¬ 
ceros ’’ brand, 
which is guaranteed 
to comply with tlx* 
revised H r i t i s h 
Standard .Specifica¬ 
tion, and “ Eerro- 
duric,’’ which is 
specially manufac¬ 
tured for reinforced 
concrete work and 
Stand of the Expanded Metal Co., Ltd. has been largely used 

for this purpose. 

REINFORCED CONCRETE CONSTRUCTION. 

The exhibits in this sen-tion were not as numerous as might be expechd, 
and this fact was undoubtedly due, 
in a certain measure, to so many 
firms being unable to prepare suitable 
.structural exhibits in the short time 
available for preparation and th.' 
absence of ample outdoor spaett fo,“ 
large exhibits. While several of the* 
leading firms were in evidence, many 
others, however, did not exhibit. 

The Expanded Metal Co., Ltd. 

(No. 157, row G),. exhibited examples 
of expanded steel sheet and bar rein¬ 
forcement for all classes of construe- 
tional wCtt-k, the stand itself, which is 
illustrated in the photograph, being 
; formed entirely with concrete reinforced *' 

; with their materials. Ohe; ^ the great 
, . of' «xpartde4„ ^etal is ■ the 

Mm'which'lit can be'handled and 
as; it. hpr^ists' of stamped metal 
'f^ipnie^s-iwhich^^^e )i^d.dn:,’'|!ohjunction MHH 

sihiple reinforce- „ 

^to ''footings. 



■jpiis 




Exmbt” Reinforcement of the Expands 
Metal Co., Ltd. 
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Qolumns, flooring, walls, roofing, and in fact any member or structure. It also forms 
an excellent openwork fence for divisions or machinery guards, etc. The rib mesh 
exfianded steel is a later type of expanded metal, which consists of a series O'f straight 
ribs, or main tension members, which, in the process of expansion, are left rigidly 
connected by light cross ties,^ which act as sjiacing members. The usual types 
of expanded metal used in reinforced construction are the 3-in. diamond mesh in 
its various weights, and the rib mesh, in which the ribs are constant in cross section, but 
are spaced at varying centres, thus giving a variable cross sectional area according 
to the number of ribs in section jx'r foot run. The lighter qualities of the diamond mesh 
are largely used as a metal lathing for ceilings and all surfaces where a key has to be 
obtaim-d for jdasler, and for this purpose it is preferable to wooden, laths. A great 
advantage of this material is the imi)ossibility of the strands of reinforcement becoming 
displaced during concreting, as the whole of the reinforcement is in the form of a solid 
sh<’et of steel network. Examples of “ Exmet ” brickwork reinforcement were also 
shown by the same firm, this material l)eing made in three strengths from 24 gauge, 
22 gauge, and 20 gauge best mild hoojj steel in coils of (jractically any length. It is 
(*mbtdded in the mortar betwi'cn the txiurses..j>t varying inUTvals and materially 
strengthens the brickwork, 'i'he use of these* materkils has l>ecome v«*ry poj)ular in 
mixlfTn construction, and the firm have innumerable examples for reference. 


The General Fireproofing Co. (No. 95, row E) exhibit^id examples s'howing tbt* 
•-•ipplication of their “ Trus.set,” “ Self .Sentering,” and Herringbone lath which are 
used for partitions, fltx>rs, roofs, and ceilings respectively, and the nature of which is 
shown in tho iilustratinnus. The stand itself consisted of concrete piers formed of 
“ .Self Sentc'.ring,” supiMvrting, sloping, aVid flat nx)f, cons-'trueted partly of ” Self 
Seivlcring ” and partly of •” Truss<*t,” find concreltxl <vv<‘r. .Sus- 


jiended ceilings were also exhibited constructed jjartly in HtTring- 
bone lath and partly in " .Self Senlering,” and a ferce w.as shown 





HPI 
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II 


" Trusset." 


“ Self Senterins." 


lierrinsbone Lath. 


Thk Gknerai. Hirrpkoofing Co.. Ltd. 


constructixi of ” Trusset ” without any totnporary shuttering. Partitions formed with 
<*ach of the three materials could be seen, and also two sectitms of floor.s i-onslructixl fd 
” Self .Senitering,” one being of arched form and the other a fiat slab. 

Messrs. Homan A Rodgers (No. 130, row F).—The e.xhibit.s of this firm included 
their well-known steel and hollow tile floor, which is constructed with hollow 
files about j8 in. long and triangular in section placed betwexm steel joi-sts of a .specially 
light section, and these bricks have a special projecting lip on the underside which 
ixwers the flange <Ff the .steel joist and may afford some protection against fire. The 
key for the plaster is afforded by specially formed grooves on the bricks, thus avoiding 
an.v hacking. Concrete composexl of broken brick or ballast and Portland cement is 
filled in, on the top of the tiles to the required thickness. An example of their 
patent ferro.-concrcte floor was also given, and this is constructed of steel r^s 
[Wisising through the main girders to form a conitinuous tie, thus being a combination 
of reinforced contTete afOd steel frame construction. The patent reinforced concrete 
partition of this firm was also shown, this being made of coke breeze, sand, and Port¬ 
land cement concrete slabs about 2 ft. 6 in. by i ft. 3 in., cast with horizontal steel 
rods in the top and bottom of each slab. A hole for ith-in. rod is left vertical in the 
centre of the slab and the rod is inserted at the time of fixing, this projecting about 
half-way through the groove of the slab above (the slabs being laid to break jwnt), and 
then grouted in with cement. 

Messrs. Richard Johnson, Clapham A Morris, Ltd. (No. 173, row H).—On 
this stand were displayed this firm’s well-known “ Lattice ” and ” Keedon ” system 
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Stand of Richard Johnson. Cdapham & Morris. 


of reiniforced concrete construction, and iheir “ Bricktor ” system of nemforced brick¬ 
work. This system of reinforced concrete work has the advantage of being very 
economical while being simple and efficient, and the exhibit was a very good oniyi, as 

will be seen by the 
photograph of this 
stand, where the 
arrangement of the 
bars, etc., can be 
clearly seiMi. Various 
.samples of “ stetd 
wire lattice,” as sup¬ 
plied for the con¬ 
struction of the floors 
in many well-known 
buildings, were, also 
exhibited. The at¬ 
tention of visitors 
was specially directed 
to an improved tyi)e 
of lattice in which 
the wires where they 
cross are securely 
fixed together by a 
special form of link. 
20,000 yards of this 
material are at pre¬ 
sent being used in 
the construction of 
the new No. 8 Dock 
Transit sheds for the 

Manchester Ship Canal Co. The advantages of steel wire lattice for concrete floors 
are : the ease with which it can be handled and fixed, the continuity of the bond (the 
material being made up to 2no-ft. 
lengths), and its low cost. The wire 
used in its construction is of special 
strength, thus allowing of a minimum 
depth of slab being adopted, and there¬ 
by saving space and dead weight of 
concrete. The system of reinforced 
brickwork was well displayed, and 
examples of walls built upon this prin¬ 
ciple were exhibited. To demonstrate 
the lateral strength imparted to brick¬ 
work by the insertion of this reinforce¬ 
ment, a heavily-loaded test wall in the 
form of a slab supported horizontally 
was erected on the stand. 

W. Kennedy (No. 45, row C).— 

These exhibits, although not actual 
examples of reinforced concrete con¬ 
struction, dealt with the bending and 
cutting of bars for this work, and they 
are worthy of special n^ntion. The 
** Kennedy V bar which are 

hand^potyer, portable machines for 
cold bars of various sections 
w; minfwoed concrete, were shown, 

-. 3 —_ it _.. 



W. KbnkAdx'b MACiiiME FOR Cuttino Round Bars. 


Of various ^ordir^ 
bars to.be treated, 

./as. aa, boihg wpfm-. 

bats, with direct .lever far light work. The illustration 


iCJi^edltiotis cutting of rotind bars for reinforced concrete work, 
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ahd interchangeable blades can be readily fitted for cropping squares, flats, angles, 
lees, and other sections. The frame of the tool is formed of a single heavy Siemens- 
Mai;tin steel plate, and is guaranteed to be 
absolutely unbreakable, and the longest rods 
can be readily fed into the machine from the 
front of the gap. The price of these machines 
is very reasonable, and the initial outlay is 
soon regained in the saving of time and labour 
that is ensured by their use. 

M essrs. J. A. King &■ Co. (No. 112, 
row F).—This firm are the makers of the 
well-known “ Mack ” partitions, and ex¬ 
amples of these partition blocks and pugging 
slabs were shown, together with the “ King ” 
pumice concrete fire-, sound-, .and vermin- 
resisting partition slabs, 2 in. to 4 in. thick. 

Examples of reinforcx'tl concrete work were also 
exhibited, together with their s|)ecial “ Ferro 
(ilass ” construction, which is utilised for 
|)avcment and floor lights, roofs, partitions, 
etc. This .system consists of specially-made 
lenses, which are temporarily supported on 
bo.nrding, while stt>el rods are introduced m 
each joint, these rods being continuous and 
forming a lattice reinforcement, the whole 
being then filled in with a cement grout. 

The advantages claimed for this system are 
that the maximum amount of light is 
obtained with the maximum amount of 
strength, and the appearance is good, and 
exposed metalwork, which always becomes 
rusty in such positions, is avoided. 

Reinforced Metni. Ltd. (Nos. 136 and 
137, row F).—^This exhibit was particularly Anchored Spirals. Side View, 

interesting, as it showed a new type of rein- Reinforced Mbtai,, Ltd. 

forcement for columns, and, according to the 
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Anchored Splrele. End View. 
Rxinforcbp MetaIt, Ltd. 


rt'porls and tests, it is a type 
which should be largely em¬ 
ployed. Various columns were 
shown, and some of these had 
been under a test load as great 
as 1,237 P®'' square foot 

of reinforced area, while others 
were shown at various stages in 
the process of construction and 
some prepared ready for testing. 
It is claimed by the owner of 
the patent that these columns 
have more than double the 
strength obtainable from any 
other combination of steel and 
concrete in which the same 
weights of these materials are 
employed. The diagrams show 
the nature of the construction, 
with anchored spirals and & 
central steel core, and it is 
worthy of notice that the latter 
is so designed as to be—when 
braced by the anchored spirals 
ahd the encasing concrete shaft 
—sufficient to carry the whole of 
the structural load during con- 
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struction. It is therefore unnecessary to wait for the hardening of the concrete before 
preceding with the ^floors above, thus enabling buildings to be constructed very exf>e- 
ditiously. An extensive series of tests of columns of this type have been carried out by 
Professor Andrew Gray, LL.D., F.R.S., Professor of Natural Philosophy at the 

University of Glas¬ 



gow, and in the re¬ 
port he says of this 
method that it “ pro¬ 
vides a composite 
material having the 
remarkable and ex- 
t r e m e 1 y valuable 
physical property 
that its modulus of 
elasticity under pro¬ 
gressive loading in¬ 
creases with the in¬ 
crease of compressive 
stress.” Apart from 
its practical value, it 
is thus, on account of 
this remarkable and 
unique propcTty, of 
great scientific inler- 
e.st. Other columns 
which were U-sted to 
destruction carried 
loads as great as 
1,430 tons per sq. ft. 
of reinforced area. 
Copies of Professor 
Gray’s report and 
other particulars can 
be obtained on appli¬ 
cation to Reinforced 
Metal, Ltd., 175, 
West George Street. 
Glasgow. 

Siejewart, Ltd. 
(No. 154, row G). 
'J'he exhibits of this 
firm included ar¬ 
moured concrete 
pijies and poles, and 
the illustration gives 
an idea of the varied 
utility oif this com¬ 
pany’s products. The 


Sieowart’s Armoured Concrete Pipes and Poles, 


pipes are made as 


small as 8 in. dia. 


meter and as large as 4 ft.,and for special work the size could be increased up to 8 or 10 ft. 
diameter. The concrete and steel are woven together with mathematical precision by 
machinery and the socket is doubly reinforced; while the whole of the pipe is lined with 
a special asphalt, also applied by machinery. They are made in longer lengths than 
other concrete pip^, thereby reducing the number of joints and saving the cost of labour 
in laying and Jointing. ^ 


S^nat Bdnd Bar Ca*, L#rf.(No. 30a, row B).—Examples showing the application 
V spiral bond hats for reinforced concrete work of all kinds, which is claimed 

ito,,be a npopt reliable <ahd economical type of rein-foroement to use, were exhibited by 

■ (No. 154, row G).—The stand of this 




a pavilion well designed in the Greek style, where the 
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Doric order was employed, and it was constructed entirely of Hy Rib, which is one of 
the Kahn products. This material is a steel lathinj^ which is stiffened at intervals of 
3^ in. by longitudinal ribs, f-in. projection, thus giving a stiffness which permits of 
its use as centering as well as reinforcement, and for walls, partitions, etc., eliminating 
the use of studs. Interesting applications of its use were shown in floor slabs supported 
by both flat and cun'cd Hy Rib, the various stages of wall construction where it is used 
with supports, susf>ended ceilings at 4-ft centres, as lompared with the usual 12 in. or 
iSin,, and centering for circular columns. Sample partition slabs were also shown, 
and generally the stand was admirably and tastefully arranged. 


The Vlbrocel Co., Ltd. (No. 144, row G).—^'I'his firm exhibited for the first 
time at Olympia, and their stand contained much that was of interest. It is claimed 
that the Vibrocel method of vibrating concrete in situ [woduces a perfect imbedding of 
the most complic.'ited forms of r<‘inforc'eme.nt without risk of displacement, thus secur¬ 
ing p(Tfect adhesion and grip. The concrete being rendered non-porotis and damp- 
proof, tlw; reiniforcement--however delicate it may be—does not c'orrode. The cxiimples 
shown included pra-umatic vibrators for vibrating Ct>ncrete in situ, a .4-ft. hexagonal cell 
of roinforced rontrete with walls 2 in. thick filled with water, a similar cell in various 
stages of construction, specimens of concrete base blocks, pillars, etc., and fragments 
of 5-ft. cells burst with screw jacks to show that pillar and coll wall unite into one 
iTiass without .any w(sikness :il their junction. 

CONCRETE BUILDING BLOCKS AND 
MACHINERY. 

R. H. Baumgartea .(R<>j). of the h'irst C(>ltbus 
Cement Goods and Machhie Works) (No. 128, row F).— 

Various machines wc're to be seen on this stand for 
making all kinds of (xmcrote bkw'ks and tiles. .Sand and 
cement, with breeze or gravel, mixed in various propor¬ 
tions, are the materials used with all the machines, which 
included types for making txmerete roofing tiles, concrete 
bricks, partition skibs, concrete blocks, and other 
materials. Demonstrations were given during the ex¬ 
hibition, and thc> wall of the stand was eret'ted with 
concrete bkx'ks, while the oflic<* jiartitions and floor were 
formed with products from the machines. 'I'he tw'o 
illustrations show the nature of some of the machines 
exhibited. 

Messrs. Stothert & Pttt, Messrs. F. L. Smith 



ItAUMGARTEN’s Rl.OCK-MAKING 
Machine. 


& Co. (Nos. 39 and 40, row C).- There were various types of ixmcn'to mixers, both 
h.'md and power, exhibited on this stand, including the “ Victoria ” concrete mixer, with 

- charging hopper, and with loader and water 

tank, driven by electric motor, and the 
“ Smith ” mixer, with charging hopper and 
a similar type; of machine on truck with 
loader, engine and boiler, with special heat¬ 
ing arrangement. Some of the mixers were 
sliown in operation, and the simplicity of 
the various machines indicated to the visitors. 

The fU.K.) Wloget Concrete Machine 
Co., Ltd. (No. 193, row J).—The exhibits on 
this stand were numerous and interesting, 
and included the well-known “ VVinget ” 
concrete block-making machine. This 
_ machine was shown in <^>eration making 
hollow and soiid building blocks of a maximum size of 32 in. by 16 in. bv 9 in., of w:hich 
size as many as 500 can be produced in a ten-hour day by one machine. The office 
on the stand was built with these blocks in order that an idea of the good appear¬ 
ance could be obtained by the visitor, and there need be no monotony. in the 
blocks, as there are no less than nine varying patterns of face available, T^ 
“ VVinget ” machine can also be obtained with attachments wluch allow the production 



U iNGKT "Express" Mixer. 
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of partition slabs keyed all round and hollow blocks keyed at the ends, of which two 
are made in one operation. A smaller and less expensive block-making machine, known 
as the “ntan,” was also exhibited, and this makes hollow or solid blocks i6 hi. by 
9 in. by 9 in., with plain or patterned faces, with four possible variations of the latter. 
One of our illustrations shows the “ Express ” concrete mixer, which was also 
exhibited in operation. This is a power mixer, and mixes the concrete in any 

state from dry to sloppy, as desired; it is largely used for concrete block work and 
for reinforced concrete work, and it has the advantage that the operations of dry and 
wet mixing are constanttly in sight. Other exhibits included a “ Winget ” hand-power 
mixer for concrete, and the “ Lums<len ” wood trimmer, of which an illustration is 
given. This machine is easily manipulated and gives excellent results, and is indis¬ 
pensable to the patt<*rn maker requiring spmly work. Among the small accesscries were 
shown various concrete laying tools and 
moulds for balusters and paving slabs. 

Raaaome-verMebr Machinery Co., 

Ltd. (Nos. 218 and 2U), row K and bay 
26, Gallery).—The exhibits of this firm 
included a variety of machines for mixing 
concrete and other purposes, examples of 
which are shown in the illustrations. The 
mixers included a No. o mixer with direct 
coupled petrol engine and elevating hoj>- 
per, large numbers of these being in use at* 
the present time. In addition to this and 
other power machines, a compact hand- 
mixer, with charging skip and automatic 
water tank, was exhibited. Another 
machine was the Ran some stone dryer, 
which is utilised for drying stone for 
making tar macadam, and is so arranged 
that each batch can be thoroughly dried 
in three minutes, while the capacity is 50 cu. yds. per day. The example of steel piling 
and the Ransome pile extractor were of interest, the former being in use at the 

present time on various contracts, which include 
the Rosyth Naval Base, the new Port of Ixmdon 
Dock improvements, and the new .Smith’s Doclc 
at South Bank. 'ITie cement tester, of which an 
illustration is given, is designed to supplement 
the existing tests rather than di-splace them, 
and deals with the h.ardcning qualities of the 
material. The Ransome continuous filter, wdiieh 
was shown in operation, W'as of particular 
interest, the water being subjected to the moving 
sand in such a manntT that it is thoroughly 
filtered, while the filter is simple and economi¬ 
cal, with very little maintenance. 

CONCRETE (GRANITE). 

Messrs. A. C. fV. Hobman A Co. (No. 
II, row B).—^Various samples of rag-stone for 
tar paving and tar macadam, and paving 
samples which bad seen many years’ wear, were 
shown, together with examples of “ Clifton ” artificial stone, “ Cliftemite ” ornamental 
paving, “ Erfierlte *’ and leaded non-sHppery treads for heavy wear. 

Mettaea, Skat^ Jpaes A Co. (No. 171, row H).—On this stand could be seen 
varilou<( rock conciiBt'e answer tubes and manholes, the latter having the patent' 
” batse, cbmpi^ng benching, channelling, and sewer connections. There 
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^ df. concrete road gullies and rock concrete roofing tiles, the 
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WiNGtT "Lcmsden" Wood Trimmer. 



Bauuoartem's Partition and Pipe- 
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hd nails, lyhilc the double interlocking arrangement assists in the 
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FIRE'RESISTING FLOORS. 

• There were several examples of fire-resisting floor construction, and, in addition to 
those already described under the heading of “ Reinforced Concrete Construction,” the 
following are worthy of notice :— 

JftesBn. Horace W. CuHum & Co. (No. 224, row K).—^This system is con¬ 
structed with special hollow bricks which are used in conjunction with single or crossed 
reinfOTcement, and it can be formed with clear spans up to 30 ft. The advantages 
claimed are : its lightness, rapidity of construction, .sound-resistance, and no expansion. 
The floor can bo constructed to carry any load, and when the spans are greater than 
30 ft., steel girders are introduced to cut up the floor into panels. 

The Kleiae Patent Fire-Resisting Flooring Syndicate, Ltd. (No. 119, row F).— 
The stand of this firm was entirely constructed on their system, which consists of rein¬ 
forced hollow blocks 
that can be used over 
wide spans. It is 
claimed that this 
method gives a light 
form of construction, 
while it is sound¬ 
proof, and it can be 
rapidly executed. 

The Slegwsrt 
F ire proof Floor 
Co.. Ltd. (No. 1, 
row .A).—This sys¬ 
tem of flooring con- 
si s t s of specially 
moulded hollow rein¬ 
forced concrete 
beams, which do not 
require any center¬ 
ing, thus avoiding 
delay on the site of 
operations and doing 
away with a large 
amount of moisture 
which is necessarily 
introduced with con- 
ci'ete that is depo¬ 
sited in a moist con¬ 
dition in the work. 
The beams are 

placed side by side on the supporting walls or joists, and the joists are then grouted 
with cement mortar, after which the floor is ready for the finishing surface material. 
A portion of a constructed floor was shown on the stand, and also the application of the 
beams to sloping roof work, and one beam w'as cut to expose the method of reinforce¬ 
ment both for longitudinal stress and shear. The concrete employed for the beams is 
carefully proportioned and mixed, and the aggregate consists of fine granite. 

FIRE-RESISTING PARTITIONS. 

The Murlbloc (Partition Slabs), Ltd. (No. 68, row D).—This firm gave a special 
demonstration of their weight-taking partition slabs, and their exhibit also inclu'^ 
samples of their special slabs, such as Muribloc anthracite clinker and cement partition 
slabs and the Muribloc patent inter-dowel key plaster slabs, with rough and finished 
faces. In addition to these there were given examples of reinforced concrete lintels, 
concrete fixing bricks and pugging slabs. 

The ••Shark-Grip'* Tiling Co. ( 1910 ), Ltd. (No. 23, row C).—The exhibit of 
this firm referred to the finishing of pantitions and wall surfaces, with regard to cleanli¬ 
ness and hygienic principles, and included examples of the “ Shark Grip ” (patent 
backed) tiling, opal tiles, which are guaranteed for five years against facial cr^ckipg, 
crazing, frost, beat, and vibration, and various specimens of terrazzo and mosaic steps 
and floorings. 



Stand ok Messrs. Ransome-vbrMehr Machinery Co., Ltd. 


3*5 


BUILDING TRADES EXHIBITION. 




There were many other exhibits of fire-resisting partitions, a great number of these 
bang on the stands of those firms dealt with in the other sections, and no further 
mention or description is needed here. 



F1R.B«RESISTING DOORS. 

Meann. Chubb A Sou’s Lock and Safe Co., Ltd. (No. 170, row H)._There were 

numerous examples of fireproof safes and 
doors on the stand of this well-known 
firm, but quite the most interesting was 
the new patent steel and concrete door, 
which is suitable for party w'all openings 
and similar purposes. It is made of a 
solid slab (2 in. thick) of reinforced con¬ 
crete covert with steel plates, the latter 
being made to interlock in such a way 
that the interlocking pieces and the fasten¬ 
ing rods inside between the tw^o plates 
form the reinforcing members of the con¬ 
crete filling. The concrete is put in from 
the open ends, which are then closed by 
end-plates provided with inturned and 
twisted pieces embedded in the concrete. 

This now type of construction is to be 
shortly submitted to a severe tost by fire, 
under the B.F.P.C. rules. It can be 
adapted for hinged or sliding doors, and 
for fire-resisting cupboards. 

Messrs. Fireproof Doors, Ltd. (No. 

18, row B).—This firm exhibited their 
“ Dreadnought ” fireproof doors, which 
are claimed to have withstood a greater 
test by fire under the B.F.P.C. standards 
than any other door. The test comprised 
an exposure to a temp>craturc of 2,000 d<ig. 

Fahr. for four hours. TTiese doors may be 
treated with panels or mouldings to giv'e 
any desired effect. The “ Empire ” fire- 
resisting doors were also shown, these 
being somewhat lighter but equally strong, 
and much used for lifts, staircases, etc., in 
place of ordinary fire-resisting hardwood 
doors. There were also examples of the 
“ Dreadnought ” cabinets displayed, thest* 
being employed for the safe keeping of 
paijers, etc. 

ROOFING AND WATERPROOFING. 

... Messrs. D. Anderson A Son, Ltd- 

(No. 133, row F).—^I'he exhibits on this 
stand included many roofing and pre- 

Mrvmg materials, such as the “ Rok ” roofing, “ Stoniflex ” felts, “ Zerolite 


Cement Tester of^Messrs. Ransome-verMehr 
Machinery Co , Ltd. 


papws, ^Mador felt for sacking purposes, “ Sideroleum 
and Siderosthen aniti-corrosive paint. 


insu- 

wood preservative. 

Waterproofing Co,, Ltd. (No. 210, row T).—This exhibit 
Cercsit-oemwt-mortar, and a few slabs 
^containing water and Ceresit-oement buckets. The small 

^7 means.of 

to the hujjkiiog tn order to show the waterproofing quajfties of the 

A Co„ Ltd. (No. 64, row D).—A number of 
exhibited at this stand, one of the most notable of these 
reddet^ watertight with CaUender’s sheetings, which ^ 
8^,f;^h^basem€nts, swimming-baths, and similar constructions. A 
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rrJbdel was also shown as an illustration of the waterproofing qualities of “ Protex ” 
when applied to a brick surface, which w'as played upon by water jets as a practical 
illustration. Other specialities included their various damp courses, “ Bituisol ” paint 
for iron and steel work, “ Bitubond,” for pouring Into cavity walls to rendw them 
temperature-proof, and their “ Veribest ” natural asphalt roofing. 

The Ironite Co., Ltd. (No, 214, row J).—^The exhibit of this firm consisted of 
examples showing the various applications of “ Ironite,” which is a fine mineral powder 
that is mixed with water and applied to concrete or brickwork to fill the voids and 
render the material impervious to moisture. 

Messrs. Kerner-Oreeawood A Co. (No. 33, row C).—On this stand the visitor 
could see models, etc., erected for the purpose of showing the watwproofing qualities 
of ” Pudlo,” w'hich is used in the form of a white powder that is mixed with the 
cementing material. There was a model house built with ordinary brickwork and 
rendered externally with Pudloed cement, upon which a constant stream of water was 
allowed to play, and also a model flat roof holding water, and other exajnples which 
put a severe test on the material without producing.any effect as regards the percolation 
of water. It is claimed that this material has no detrimental effect on the cement with 
which it is mixed, and, in fact, it slightly increases both the tensile and crushing 
strength of the cement used. 

, Messrs. F, McNeill & Co., Ltd. (No. 103, row E).—On this stand were shown 
various roofing feits and sheeting, including tlx^ various ty]>es of the “ Lion Brand ” 
and " I>akumen,” and other materials for roof lining and sound deadening. 

The Ruberold Co., Ltd. (No. 152, roW G).—^The exhibit of this firm consisted of 
a building whereon were displayed the various applications of ” Kuberoid ” rcK>fing to 
flat and jiitched roofs. This material has l>eien largely employed during the twcnty-onn' 
years it has been on the market, and it is the onlv prejvired, flexible ctJouned roofing 
tliat is manufactured. It can be applied to any kind oif roof work. It is interesting to 
note that the composition of the material lias not been altered in any way since ft was 
first mtinuihictured in i8qi, although the firm have never ceased their researches since 
the material was first invented. 

Messrs. Vulcaalte, Ltd. (No 105, row E).—Various models illusitrating the 
application of patent vulcanite r(x>fing and “ Rexilile ” roofing were given on the stand 
ot the firm, who also exhibited the-ir Bitumen Bridge asphalt and Standard asphalt for 
cavity walls, together with many other specialities. 

STEEL PILING ANP METAL DOORS. 



‘‘Simplex’’ Pilinit. 

The British Stxsi. Piling Co. 


The British Steel Piling Co. 

(No. 7 Bay, Gallery).—The exhibit 
of the firm included various types 
of steel piling, such as the 
“ Universal ” joist steel sheet piling 
and the “ .Simplex ” piling, nu! 
former type consists of various 
.sections of rolled steel joists which 
are connected with special shaped 
clutches, and the latter is formed with 


a special section with interlocking flanges. The firm also make a speciality of pile¬ 
driving equipment, and have carried out the piling work'on many important contracts. 
Steel piling is being largely used for important work in the present day, as there is no 
waste in cutting, it is much stronger and more reliable than timber, and can be driven 
more cheaply. ITie sections can be used a large number of times, and when finished 
with as piling will always find a ready market as scrap. The Blaw collapsible steel 
centering is another speciality that was shown, and this is adopted for centering iov 
sewers, culverts, conduits, etc. The general principle of the ” Blaw ” system is 
simply steel sheet held at the curvature, by means of angle irons, etc*, and turn- 
buckles. These tumbucklcs on being screws tighter, must necessarily gently reduce 
the span of the cross diameter when they are fix^, and as the centres as a whole (In 
the case of arch work) are supported on wedges, when the wedges are loosened it 
follows that the whole centre must come away from the finished work gently. This is a 
very good system to adopt, as it is simple, saves time and money, and gives a finer 
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CONCC^TK 


Hnish to the concrete than any timber centre. The firm have numerous examples whdre 
their systems have been employed, which are good evidence as to the efficiency of their 
products. 

The Art Metal Coaatructloa Co. (No. 104, row E) showed various steel 
furniture an<i fireproof construction, the photograph illustrated being that of a typical 

exhibit. The specimens were 
very varied, and included par¬ 
titions, screens, adjustable 
shelving, and steel fittings in 
general, and some “ Dahls- 
trom ” doors, which were 
recently submitted for official 
fire test under the B.F.P.C. 
rules and obtained the 2i-hour 
classification. 

The Delta Metal Co., 



Univeksai. Joist Stkel Sheet Piling. 


Ltd. (No. 174, row H), are the largest manufacturers of extruded metals, and they 
exhibited specimens of almost every sectkKi imaginable. This company do not make 
finished articles, but only supply their semi-manufactured specialities to the trade. 

The Crlttall Manufacturing Co., Ltd. (No. 161, row H), showed metal windov^s 
of every description, and their exhibit took the form of a building specially erected 
lor the purpose of showing the various types in position in the work. Examples of 
fire-resisting doors were also to be seen. 


ASBESTOS SLATE FOR TILING. 

There were many exhibits by firms supplying these materials, amongst them being 
The Aabeatos Slate and Contract Co. (iio. 82 and 83, row E), whose exhibit eon 
sisted of a hun^alow; Messrs. Bell's United Asbestos Co., Ltd. (No. 168, row H), who 
were the first to manufacture “ Poilite ” Asbestos Cement tiles and sheet in Great 
Britain under the first Patent Act to be revoked under the new Patent Act of 1907; 
The British Urallte Co. ( 1908 ), Ltd. (No. 108, row E), who exhibited a whole building 
specially designed to show the adaptability of “ Uralitc ”; The Calmon Asbestos and 
Rubber Works, Ltd. (No. 29, row C), who showed their well-known Calmon Asbestos 
roofing tiles, wall and ceiling sheets; and Messrs. O. R. Speaker R Co. (No. 63, row 
D), whose exhibit consisted of a wood and steel framed building covered with their 
“ Eternit ” slates and lined throughout with Speaker’s “ Etornit ” sheets. 


VARIOUS. 

Messn. Cassell R Co. (No. 50, row D), the publishers of Building World, 
euxhibited copies of this technical journal, together with various technical books, 
including their recently-published book, CosselVs Reinforced Concrete, which 
appears to be having a good sale. 

The Compendium Publishing Co. (No. 194, row J) were e^iblting their 
publications, The Engineers’, Architects’ and Contractors’ Compendiums, and the 
Compendium Registers. 

Hudson R Keans, Ltd. (No. 135, row F) had an attractive stand where the 
visitor could inspect various specimens of art and general printing, and drawing and 
tracing materials. 

ITiere were many more interesting objects, but lack of space prevents their being 
described or even mentioned, and the organisers are to be congratulated on the excel¬ 
lence of the exhibits, We feel that a written description can hardly do justice to the 
work shown, which reflects great credit on the various firms responsible for their 
arrangement. 

. In condusion 'we; would add that, as on previous occasions, the organisers gave, 
every opixMitunity to thh, various'technical societies interested to make a careful study 
of th^ to heilefi^t regardmg building construction by issuing special invitations 

institutions, and among those societies who enjoyed the 
ObyMy were;—^The Institution of Municii^al Engineers, the Institute 
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of Builders, the District Surveyors’ Association, the Institute of Clay Workers, the 
Royal Sanitary Institute, the Society of Architects, the Surveyors’ Institution, the 
Concrete Institute, and the Institution of Heating ancrVentilating Engineers. 



Tvpical Exhibit of the Art Metal Coxstruction Co. 









RBmFOaCED CONCRETE PRO VISION WAREHOUSE. 



TTie marehoase described betov) contains mam features of particular Interest, and goes 
to show that reinforced concrete is admirably aaeusted for buildings of this kind nuhere food 
has to be stored tn large quantities emdsometimes for considerable periods.—ED. 


There has recently been completed near the south end of Blackfriars Bridge, 
London, for Mr. J. Sainsbury, Provision Merchant, a building which is certainly 
one of the largest reinforced concrete warehouses in London. 

Not only does the use of reinforced concrete for this important structure 
afford one more proof, if such were required, of its economy and suitability 
where heavy^ loads have to be carried, and where protection against fire is a 
sine qud non., but the idea which seems to be current in some quarters that 
reinforced concrete is not a material which lends itself to quick construction 
has also been completely refuted. Throughout the progress of the work it was 
noticeable that the other trades were keeping back the concrete work rather 
than vice versa. 


The building, which is adjacent to the large previously existing premises of 
Mr. Sainsbury, is situated in Bennett Street and Stamford Street, being only 
about loo yds. from the south bank of the Thames. It consists of seven floors 
and the roof, the outside walls being of masonry and brickwork, and the whole 
of the internal framework, footings, columns, beams, floors, staircases, etc., of 
reinforced concrete. The retaining walls supporting the roadways and foot¬ 
paths in Stamford Street and Bennett Street are also of reinforced concrete, 
and are of a somewhat unusual design, which is described later. 

Owing to their proximity to the river, considerable difficulty was experienced 
with the foundations, portions .of which had to be carried below the level of the 
water in the gravel. At one spot the inrush of water was so great, and the 
consequent disturbance of the gravel and sand of which the foundations are 
formed so serious, that it was necessary to resort to piling, but as a general 


rule the footingfs, both of the piers carrying the walls and of the interior 
columns, were ^signed of reinforced, concrete in such a way that the load upon 


the gravel below was not more than could safely Ml carried by it with- 
Ottt fUithef asststai^. Two heavy interpal walls cross the building, and the 

of course!, slabs, the sections of which are 

. in, Fig. z. But, in addition to the two wall foot- 

coluntos were carried on a single strip 
'tfee .beain. The sections of these are shown 
l^rngHudlMl section just referred to. 
of;, space "and material, is effected by this 
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REINFORCED CONCRETE PROVISION WAREHOUSE. 


type of design, which has the further advantage of tying the bottoms of the 
columns together and thus stiffening them. It will be noticed that the footings 
are not all at the same level, the variation being due to the varying nature of 
the material as well as the requirements of the building. 



The basement is 
approximately 187 ft. 
long by 75 ft, bioad, 
and is surrounded on the 
two sides next the streets 
by retaining walls of 
reinforced concrete. The 
design of these walls 
consists of a slab vary¬ 
ing in thickness from 
6 in. to 8 in., supported 
by a system of vertical 
beams 10 in. by 10 in., 
which are supported at 
the bottom by the floor 
of the basement, and at 
the top by horizontal 
beams, some of which 
run into the main columns 
of the building. These 
horizontal beams also 
support the slab carrying 
the load of the pavement 
and street above, this 
slab acting as a beam 
from column to column 
to resist the horizontal 
thrust of the ground 
against the retaining 
wall. 

The intermediate 
beams which do not run 
directly on to the main 
columns of the building 
are supported vertically 
at their inner ends by a 
longitudinal beam run¬ 
ning parallel tb the wall, 
and supported in turn by 
those of the dross beams, 


which run on to the main columns. (See Figs, t and 4.) , 


It may be mentioned that, owing to the heavy nature of the traffic iir the 
neighbourhood, the requirements of the district siirytyor very hOaVy in 
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RBmPORCED CONCRETE PROVISION WAREHOUSE. r 1, 

case of these retaining walls and the pavement and road slabs supported by them, 
a load of no less than lo cwt. per sq. ft. having to be carried by the floor below 
the pavement, while the retaining wall had to withstand a super load of the 
same amount in addition to the load of the ground itself. 

_ ft was, of course, 

necessary, under the 
London County Council 
regulations, to asph.ilt 
the back of the rctalni.ig 
''all, and in order to 
facilitate this a some¬ 
what unusual method 
was adopted, hich 
proved very satisfactory, 
and will probably be 
used more frequently in 
future. The method 
consisted of building a 
thin .iJ-in. brick wall in 
small portions ag.dpst 
the ground, and c.iic- 
fully rctimbering this 
brickwork as soon as it 
w.is complete. Jus« 
before the reinforcid 
concrete wall was placed 
in position the brickwork 
wts covered with 
.isphalt, and the concrete 
then plat'cd against it. 
This method avoids the 
waste of space and the 
difficulty and cost of re¬ 
filling without danger of 
subsidence, which always 
exist when sufficient 
space is left outside the 
retaining wall to place 
the asphalt directly on 
the back of the wall. 

The floor of the 
basement over the sub¬ 
basement presents no 
special details, but the 

4., . ground floor over the 

^semcht contains three teading cartways leading in from Bennett Street, and 

4 ft betow th« level of the ground floor. 
Thew nrttvhge ar* deugned to carry the heaviest form of motor lorries. They 
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are supported by main beams i8 in. by i8 in., each carrying three secondary 
beams 14 in. by 8 in.; the slab between the secondary beams being 5 in. thick 
and covered with 4-in. granite cubes to afford a foothold for horses. The sides 
of the cartways run direct into the columns and themselves form secondary 
beams carrying the outside bays of the slab. (See Figs. 3 and 4.) 

The first floor, being unbroken throughout its area, may be taken as typical 
of all the upper floors. 

The live load is in all cases 4 cwt. per sq. ft., this exceptionally large 
figure being due, of course, to the heavy nature of the goods to be stored. 

The main beams run parallel to the length of the building, which is divided 
into three portions by two main division walls of brick running right across 
the building from top to bottom. Eiach division of the building contains three 
consecutive spans of main beams, the centre of which is the greatest, 22 ft., the 
small spans being 16 ft. and 12 ft. in the centre and outside division respectively. 
The long span main beams are i8 in. by 10'in. and contain two ij-in., four 
i*J-in., and two |-in. bars. 

The secondary beams are nearly all 14 in. by 7 in. artd contain two f-in., 
two 2"in., and two f-in. bars. 

The slab is 4§ in. thick, and is covered by a i-in. thickness of granolithic to 
form a finish. This granolithic was put on as nearly simultaneously with the 
slab as possible, so that it should be monolithic with it. 

At the back of the building—that is to say, on the side opposite Bennett 
Street—the last bay is broken up to a considerable extent to allow of lift wells. 



U Flg. 3. CroBB-Section through Cartway. 

PaoviaioN Warehousb in Reinforcbo 

CONrRETB. t. _ ^ 

etc. These lift wells are enclosed by slabs of reinforced concrete 3 in. thick, 
reinforced by a network of light bars running both horizontally and vefticaliy. 

The N.W. and S.E. corners of the building are occupied by the staircases, 
which are of reinforced concrete formed in situ, and do riot present any very 
special features, although a considerable number of cranked beams occur in 
which the reinforcement is somewhat intricate. 

The roof is well shown by Fig. 7. , \ 

m ' 
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The centre bay for the {greater part of the length of the building is raised 
by light trusses of reinforced concrete, so as to admit of glass lights being 



inserted between the 
flats at the two levels. 
Three trusses occur at 
ii-ft. centres, and are 
supported on main longi¬ 
tudinal beams, 27 in. 
deep, reinforced by two 
|-in., two f-in., and two 
i-in. bars, and a tie, 
9 in. by 6 in., occurs at 
each column. The 
secondary beams sup¬ 
porting the flat portions 
of the roof are 6 in. by 
5 in., with three |-in. 
and two -I-in. bars. The 
slab is 3 in. thick. 

Portions of the build¬ 
ing are raised to another 
floor, forming a dining¬ 
room and chambers con¬ 
taining lift machinery, 
etc. There is also a 
reinforced concrete tank 
to hold 15,000 gallons. 

As might be ex¬ 
pected in a building of 
so many floors carrying 
such exceptionally heavy 
loads, the size of the 
columns required in the 
sub-basement, basement 
and ground and first 
floors was found to be 
excessive if only the 
ordinary percentage of 
steel was used. It was 
therefore decided to in¬ 
crease the amount of 
steel and thereby reduce 
the size of the columns. 
In the largest column no 
less than twelve i|-in. 
bars were used. 


Tho Junction of the column bars at the various floors was effected in 




Fig. 5. View of Floor in course of construction. 
Provision Warkhousb in Rbinforced Concrete. 


of the bars might then be put into tension. The “ sleeve ” method gives 
practically no tensional strength. 

A test load of times the working load was applied to three floors 
simultaneously, so as to test not only each floor, but the columns and founda¬ 
tions at the same time. This is a point which is too often ignored. 

It is interesting to note the extremely small deflection under load which 
is nearly always obtained with a well-designed reinforoed concrete structure. 
In this case the maximum deflection of the main beams did not exceed 
of the span. 

The work was carried out by Messrs. W.. Johnson & Co., Ltd.,; Wands¬ 
worth Common, from designs prepared by tfaf! Indented Bar and Concrete 
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^ reinforced CONCRETE PROVISION WAREHOUSE. 

Eng’ineering' Co., Lid., Queen Anne’s Chambers, Westminster, the whole 
beiag under the direct superintendence of the architect, Mr. A. Sykes, 
F.R.I.B.A., of Finsbury Pavement, London, E.C. 

The various photogfraphs, excellent as they are, hardly convey sufficiently 
the clean and light appearance of the building, which has been obtained by the 



Fig. 8. Basement Retaining Wall. 
Provision Warehouse in Reinforced Concrete. 


use of reinforced concrete. In spite of the very heavy diaradter of the loads to 
be carried in buildings for such purposes as the stdra^fe of articles dl fodd, it, 
is hardly possible to lay top much stress on the value from a sanitary point of 
view of a clean reinforced concrete job such as this. ,,, * 
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By EDWARD N HINES. 


ht viexa of the Impending Mematloned Roed Congress to te held In Jane next, mo 
regarding tuhICh a note appears In another column of this Issue, we give Mow a Paper 
read on the sabtect of concrete roads at the Ninth Convention of the National Asso¬ 
ciation of Cement Users, Philadelphia, Pa,—ED. 


It is a sad commonitary on the conduct of an undertaking of any magnitude that 
individuals, municipalities, states or nations, all seem to find it^ necessary to do a 
certain amount of experimenting and dilly-dallying before accepting the conclusions 
and avoiding the failures of previous demonstrations.. ITiis is particularly true of the 
various pha^ of the good roads movement. 

With four years’ experience as a guide, it has been demonstrated in Wayne CoUnty 
(Mich.) that a well-built concrete road is a practical form of construction which m^its 
and will receive a more extensive adoption. Every test to which our work has been 
subjected serves only to emphasise its strong characteristics. The points considered, 
which might properly be termed a specification, are: Initial cost, ultimate cost (wrhich 
includes mainitenanoe), sanitation and freedom from dust, good traction for all types of 
vehicles, smoothness and ease of construction. 

The initial cost of a good concrete road is little, if any, greater than thait of a first- 
class bituminous macadam road. One of the greatest fallacies indulged in by com¬ 
munities starting to improve their highways is that cheapness in cost of original con¬ 
struction of roads means economy and that the highway official who can build the 
greatest area of roads at. the least outlay per square yard is working for the community’s 
best interest. 

THE PAVING OBTERMINATOR. 


About a year ago, as a result of the rapid deterioration of new pavements, the Citv 
of Detroit conduct^ an inquirv into materials used and methods followed in paving, 
and the Common Council of the city voted $600 for testing purposes to decide the 
mwit or lack of merit of the various forms of built-up pavement. Boiler Inspector 
McCabe designed a very ingenious machine whereby all the conditions met with in 
street traffic could be reproduced as nearly as possible. 

The machine is made to revolve about a vertical shaft which carries, on a bearing, 
a head, which forms a bearing for the steel frame, at each end of which are jointed T 
castings. These T eastings cany the shaft upon which solid cast iron wheels are 
mounted. The wheels have a 3-in. t)nre and carry a load each of 1,350 lb. They are not 
supplied w:itih springs or shqck absorbers of any description. E^h shaft also carries 
several plungers on which are mounted hori^hoes, each one of which strikes a 75-lb. 
hlow. The wheels are moyed Across the pavement by a train of gears. The measure- 
miMt heoth outsidp to ff. S in., the Neatest wheel r^ius is 10 ft. 10 in., 

ahd thd the inside wheel is 8 ft. 7 in. It requires 333 revofutions 

Across'the pavembnt z ft., which is the limit of 


8 in. of concrete. The paving is 
A l^d> pouni^r until firm and uniform. The 
oh jthe^ f^ In the first experiment 

and three or four varieties of 
, itetfifU Free Pitdds reports as follows:— 

& at a comparatively high 
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speed to give it a severe test, and the pavement which stood up best under this punish¬ 
ment was the concrete laid under the specifications of the Wayne County Road 
Commission. The wear on the surface was hardly perceptible, while the same wear 
on granite block and all brands of brick tried was as great as in.” 

MAINTENANCE. 

While not belittling the principle of maintaining a road after it is built and 
following it out in practice, it seems to me, with Wayne County’s experience, that it 
would pay other communities to adopt a form of construction on which it is not 
necessary to expend from $800 to $1,300 a mile yearly to keep k in fairly usable 
condition. Our concrete roads are sanitary, as there is no detritus from the road 
itself; there are few cracks and joints to hold dirt and animal droppings, and there is 
no dust. The drier the weather, the less dirt on them, as vehicles do not track mud 
from unimproved cross-roads in dry weather. Our concrete roads have a gritty surface 
and are not slippery in any kind of weather, affording good traction for all types of 
vehicles. Horses find good footing on them and automobiles do not skid in wet 
weather. It is not necessary to build concrete roads with any great amount of crown, 
and the tendency to drive in one track—so apparent on macadam roads in the forma¬ 
tion of ruts—is eliminated, as the driver of a vehicle can sit comfortably in his seat 
^.o matter on what pxart of the road he may be driving; neither can a horse pick out the 
beaten track, as on a gravel or macadam road, but must be driven or he will zig-zag 
over the entire road. A crown of i in. to the foot disposes of the surface water and 
tends to distribute traffic over the entire area of the road. Another desirable feature 
of concrete roads is smoothness. 

CONSTRUCTION NOT DIFFICULT. 

With all the other good points in its favour, concrete can ba handled with 
comparative ease, and, providing the work is carried on under skilled supervision, it 
can be laid with a working force of relatively unskilled labour. It must be borne in 
mind, however, that the addition of a little cement to a quantity of stone and sand 
does not make concrete. There is no material which will respond so quickly to a little 
care, and if proper attention i.s given to the detail of mixing and curing it will well 
repay in quality and permanence. 

DRAINAGE AND FOUNDATION. 

Drainage and good foundation are necessary for any type of road, and on a concrete 
road the greater care there is taken in this respect the brtter will be the final result. 
r\ well-drained, well-compacted sub-grade will diminate cracks to a very large extent. 
Our county is flat, and, although some few sections are sandy, the subsoil is largely 
of a heavy, sticky clay, therefore not easily drained. 

One of the bad features alleged against concrete roads is the tendency to crack. 
In order to overcome this tendency, we prepare our subgrade as carefully as conditions 
permit, making it flat and rolling it hard and firm. Owing to temperature changes 
and tlw absorption of water, concrete is constantly in motion, and the flat subgr^e 
tends to overcome frictional resistance and thereby prevents longitudinal cracking. On 
the first concrete road built the subgrade was crowned to confcMm to the finished 
crown of the road, and what I term, for the want of a better name, an inverted curb 
was used. On this road and on the first concrete road built on Michigan Avenue, 
where practically the whole road is buik on a fill, we have developed more cracks than 
on all subsequent construction. These cracks, however, are well taken care of at a 
small expense, by the u.se of a hot, refined tar and sand. On our concrete roads it is 
the repair of these cracks that has made up surface maintenance cost, and with a well- 
drain^, well-rolled, firm subgrade cracks of all kinds are reduced to a minimum and 
are not to be seriously considered. We build our roads ki 25-ft. sections to provide for 
contraction and expansion, belie^^ng it wise to make our lateral cracks bei^hand, 
so as to properly protect their edges from chipping and spalling. A metiM plate* which 
is a devdopment of previous experiments, is being used. This plate about lAr in. 
thick and 3 in. wide, provided with shear members whidh tie it securely to the oei]tcrece 
base and wearmg surface. It is shaped to conform to the crown of the finished, road, 
and two thicknesses of 3-ply a^halted felt (about i in.) are inserted between the 
plates at each joint. The use of these plates has praeticaUy overcome the wear at the 
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jcints, which are the weakest points in the concrete road, besides securing a smooth, 
even, continuous finish. 

Wayne County is poor in good road material and everything has to be imported, 
The best results were secured from the use of washed gravel ranging in size from 
i in. to in. and washed sand from 4 ' in. down. Freedom from loam, clay, or other 
foreign matter is absolutely insisted upon. We believe in a rich mix, using i part 
of cement to 3 parts of stone, with just a little more than enough sand to fill the voids 
in the stone. Our roads are constructed with a minimum thickness of 7 in. After our 
subgrade is prepared we place side rails of lumber 2 in. by 7 in., protected on the top 
by a 2-in. angle iron. The concrete is laid right on the natural subsoil, which is well 
sprinkled just previous to placing the concrete to prevent the water in the concrete 
from being absorb^ by capillary attraction. A wet mix is used that hais been thoroughly 
mixed before being placed on the road. No tamping is necessary, although a couple of 
men are employed to work in it with shovels. It is not wise or desirable to have the 
mortar and fine aggregate worked to the top, as it is the stone w'hich is to receive the 
wear. After the concrete is in place no workman is permitted in any w'ay to disturb 
the finished surface by stepping on it or throwing anything on it. A plank trimmed to 
the curvature of the road and iron-bound on the ■^gcs to give the road its proper 
shape is used. Two men saw this plank back and forth over the concrete, resting on 
the side rails or from boards at the sides of the concrete over which this strike-off 
rides smoothly. It is handled with sufficient care to eliminate the necessity for any 
considerable floating by the follow-up men. These follow-up men, or floaters, w’ork on 
a bridge which rests on the form boards or rails at .the side of the road, so that there 
is never any contact with the concrete. The final “ smoothing up ” is done with 
wooden floats of home manufacture. When the concrete has become sufficiently firm 
to permit the removal of the side rails, the finishers, to prevent a sharp division line 
between the concrete and the gravel shoulders, pare off the outer edges which arc 
formed next to the rails. 


Each day’s work is finished up to an expansion joint, and not more than tw'enty 
minutes is permitted to elapse between batches laid in one day. The work of the day is 
covered with canvas, and the next day the canvas is removed, and, to prevent the 
concrete from drying out too rapidly, it is covered to the depth of about 2 in. with any 
sand or loose soil that may be available. The concrete is sprinkled for eight days and 
roads are not opened for traffic until at least two weeks after the last concrete is put in 
place. 

Our trunk roads are built 16 ft. W'ide of concrete, and our secondary roads are 
built 15 ft. with a minimum width of 24 ft. over all. We have also built concrete roads 
with the metal 18 ft., 12 ft., and 10 ft. wide. The .shoulders arc usually built of lime¬ 
stone or gravel in two layers of 3 in. each and rolled with a lo-ton. roller. This work 
is not started until the adjacent concrete is at least three weeks old. 

All work is done locally under the day labour plan, and in parts of the busy sea.son 
as many as 1,200 workmen are employed and from 900 to 1,000 cars of materials a 
inonth handled, and we build a mile of road, in the aggregate, every' three days. 
Machinery plays an important part in the work. Gasoline engines furnish the motive 
power. Concrete is mixed in a mechanical batch mixer, which travels under its own 
power, and from which a boom projects capable of being swung in a semi-circle. All 
work is specialised: one crew prepares the grade; another gets the materials on the 
grade, which is d<sie with such nicety as usually to make it unnecessary to haul in 
extra sand or-pebbles to make a properly proportioned batch; another crew handles 
the concrete; another builds the shoulders, etc. 


System is the keynote of the whole organisation; and when one considers that we 
ard conducting a business entetprise spending $600,000 a year, with 1,000 to 1,200 men 
,i^{^byed Wi^iUpg.^knhlian^^ at points 40 miles apart; that we are handling close 

receiving daily reports, making up payrolls, tracing 
ivith mateddls, and handling a voluminous corre- 


of a big business are handled in the office by 
e poiinty of $6,225 ^ some idea may he had of 
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A REINFORCED CONCRETE GRAND STAND. 



i da reinforced CONCRETE 
GRAND STAND FOR THE 
PUBLIC SCHOOL ATHLETIC 
FIELD, BROOKLYN, 
NEW YORK. 




By HAROLD L. ALT. 

The following article om the erection of a reinforced grand stand at Brooklyn, New 
York, has many features or Interest, and should claim the attention of those specially 
interested tn structures of this kind.—ED. 

In America, where much of the construction is new and the territory capable 
•of being built over practically unlimited, we find many innovations along archi¬ 
tectural lines, and it is not surprising that, although concrete is perhaps the 
latest practically developed building material, it has already been adopted and 
utilised in many ways in an expeditious manner which in other countries 
(more conservative in practice) would be quite unlikely, and perhaps even im¬ 
possible to attain. It is a considerable novelty, however, even in American 
construction, to utilise reinforced concrete throughout in the building of grand 
stands, except in ix'rhaps a few of most recent construction. Even in these 
structural steel is generally used as a framework, with either a concrete or 
a wood flooring supported on the steel skeleton. 

A notable exception to this prevailing custom, nevertheless, is presented 
in the reinforced concrete grand stand which is nearing completion in the 
Borough of Brooklyn, City of New York, U.S.A. 

This stand is being built by the New York Board of Education on its athletic 
field, for the school children, which is maintained at the above site. The 
structure itself is being erected from designs laid out by Mr. C. B. J. Snyder, 
Architect and School Superintendent, who has complete charge of all the school 
buildings and other construction work carried out under the auspices of the 
Board of Education in the entire city. As far as the design itself is concerned, 
aside from the reinforcing details, which will be taken up later, there are several 
unusual features incorporated. 

Probably the novelty of greatest interest and of the most radical nature 
consists of concaving the front of the stand in such a manner as to render the 
entire track visible to those in the front rows without making it necessary to rise 
during the approach or recession of the contestants moving along the track in 
front of the stand. The concaving of the face of this stand is made just 
sufficient to eliminate this objectionable feature, as the track can be sighted 
through the hollow of the curve which in a straight stand would be obstructed 
by the front railing. 

The second notable feature consists of the removal of the SMperduQus 
hanger-on to a point where he is at least out of the way, if not ehminBst<^d. 
This is effected by depressing the standing room or area in front bf tbie stand 
and along the side of the track a distance of some 4 ft. and 6. in. bekny .the 




JiAROJLD 1 . ALT. 


SrsmETE 


level of the track itself. This brings the heads and shoulders of those con¬ 
gregating along the edge of the track just a little above the track level, and 
permits of their assembling in this depressed area at any point in front of'the 
grand stand without cutting off the \iew of the stand spectators except for 
about i8 in. above the ground, to which height the heads and shoulders project. 
This feature is graphically shown in Fig. i, which is a typical cross section of 
the stand. 

Careful thought is also demonstiated in the arrangement of the judges’ 
stand, which places the judges on three steps of different heights, so that their 

JO 



Pis* 1. Typical Cross Section of Stand 
Reinroecso Comcrtts Gkano Stand, BROoKLyN, N Y 


angle of vision rises veriicaUy from the finish line, and not (as is usually the 
case) In a line parallel to the track. 

The athletic track itself is enclosed on both sides with concrete curbing, 
Sn which brass markerit are located by surveyors for a finish line and proper 
Starting points for distenoes of lab, z»o, 440, and 880 yards and one mile. 
Below the stand the space is utilised principally for two locker and dressing- 
fflOiilS, a chet^tffoOln, ettd two tmlet^rooms having been arrane'ed as shown in 
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tile plan, Fig. 2, with the check-rcx)m in the centre and one dressing-room 
and toilet-room on either side. 

*Fig. 5 shows the south half of the floor plan of the top of the structure 
(grand stand floor). A front elevation of the south half as the stand will 
appear when finished is shown in Fig. 3 and the rear elevation in Fig. 4. 

In regard to the concrete construction there were problems met with which 
are not to a great extent encountered in ordinary work. The compound cross¬ 
beam, shown in Fig. 6, which was originally designed as a simple beam with an 
overhung cantilever end, it was decided later to support on the overhang by 
small iron posts. This was not because the beam itself is not strong enough 
to carry any reasonably supposed load, but in a structure of this kind unforeseen 
contingencies must be provided for. 

The walls of the building (with the exception of those of the boiler and coal 
room), the partitions, piers, girders, floor, stairs and gallery front are all of 
reinforcdlltoancrete. The walls of the boiler and coal room, the retaining wall 
iji front of the stand, and the concrete curbing around the track are of mono¬ 
lithic construction without reinforcing. The partition separating the connecting 
passage from the checking room is made up of panels of No. 8 wire, of in. 
mesh, which is set in |^-in. channel iron frames and supported with wrought iron 
pipe posts with flanged caps and bases, secured to the floor with expansion bolts. 

The forms used in this work were built in general of |-in. matched and 
planed material, with the stiffeners of 2 in. by 3 in., 3 in. by 4 in., 3 in. by 6 in., 
and 3 in. by 8 in. in size, being spaced respectively 16 in., 18 in., 20 in. and 24 in. 
on centres, this being determined by the various spans of slab and thickness of 
concrete supported. The forms were driven tightly together to prevent leakage, and 
braced and supported in a most careful manner to insure smooth faces and abso¬ 
lutely true lines to the work. It is easy to see that great stiffness was required in 
this part of the work, as the specifications limited the variation from the figured 
sizes given on the plans to not more than ^ in. These forms were maintained 
a proper distance apart by wooden spreaders, which were later replaced with 
2 in. by 2 in. concrete struts, of a length exactly equal to the thickness of the 
wall. These struts were placed as often as required and the concrete poured in 
around them, thus casting the struts into the wall permanently. 

The composition of the concrete used in the construction of the stand for 
all the piers, walls, and the retaining wall in front of the structure, together 
with the floor or roof slab, and the curbs about the running track, is composed 
of a mixture of one part Portland cement, two parts clean, sharp, medium coarse 
sand, and four parts of f-in, and |-in. stone. The f-in. stone is used for the 
vertical construction, and the f-in. in the grand stand floor. 

The cement used was tested as follows;— 

After 24 hours^ exposure in air when mixed neat, it had to stand a tensile 
stress of 200 lb. per sq. in. without rupture; and after 24 hours in air and six 
days in water it was required to resist 500 lb. per sq. in. Further, it wasv 
required to show an increased strength at the end ol 28 days over whatever the 
tensile strength developed at the end of the first six. Practically all the 
used was mixed dry in a batch mixer until the dry materials were thoroughly 
and evenly mixed (great attention being paid to this pior^on pi the wodc);, filter 
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which water was added and the mixing- continued again until the batch was 
of an absolutely uniform character and colour throughout, and until the mortar 
was •evenly distributed through the mass of stone. This unset concrete was not 
allowed to stand, but was immediately deposited as soon as the mixing was 
completed, any excess that was left for a period of longer than two hours not 
being allowed to be used yr even retempered. 

In placing the concrete in the forms it was used at a consistency so that 
it would quake in the wheelbarrows but not so thin as to allow the stones 
to settle to the bottom. In the heavy walls it was puddled into position with a 
puddling bar, but in the thin 4-an. walls it was settled into place with the assist¬ 
ance of hammering on either side of the forms while the mixture was being 
deposited. The ormcrete was handled mainly by means of inclined runways, up 
which it was wheeled in bixrrows, the incline of the stand making this means 
peculiarly suitiible. In casting the high columns in the back a hoist was used 
(since these were poured first), and the concrete was raised by the bucketful with 
a rope run through a single sheave, which was attached to a cross piece tem¬ 
porarily suspended from the form work for the columns. 

After placing the concrete the top surfaces were protected from the sun 
with a covering and were amply sprayed, especially during the first 24 hours. 

'J'he reinforcing was, in general, of rods, with the exception of the wire mesh 
used in the grand stand floor. 'I'his wire reinforcement is of 4-in. mesh, with 
No. (» longitudinal wires and No. 12 J-in. diagonal tension wires, being made 
In- the American Steel and Wire Co. The reinforcing rods were furnished by 
the Corrugated Bar Co., of Buffalo, Fig. b shows the method of rein¬ 

forcement at the stairways. 

In the beginning of the work experiments were made with various compounds, 
with the idea of producing a smooth finished surface on the c'oncrete and to pre¬ 
vent sticking. Among these might be mentioned crude oil, soap, oil paper, etc., 
all of which did much toward helping out the sticking part, but very little toward 
eliminating the lumber marks of the form boards. Finally the inside of all the 
forms was covered with galvanised sheet iron, and this metluKl was followed 
throughout. After the foundations were poured, the piers were built up separately 
to the lower side of the cross girders, being allowed to stand thus for 24 hours 
before the curtain walls, girders, and the top of the grand stand were started. 
The girders were notched and halved together, and where the curtain walls, 
panels, etc., weie to be cast later, short iron rod dowel pins were used, which 
were thoroughly greased and cast into both sections erf the concrete. Although 
the pouring of the skeleton and the walls of each section, extending from the 
foundation to the underside of the girders, was stopped temporarily during the 
night, no longer period of suspension was permitted; and even when thus stopped 
the concrete was brought up to and finished against a metal strip, so as to 
leave a sharp, even, and fine hiiir joint when the additional ccmcrete was poured. 
Upon resuming work after a suspension of this kind the surface of the previous 
construction was roughened up, then thoroughly cleaned and wet down, after 
which it was flushed off with a cement mortar composed of one part of Portland 
cement and two parts sand, whereupon the work was Immediately continued. 

The grand stand floor was built in panels reaching from girder tp-girder 
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Figs. 4 and 5 . Showing South Half of Rear Elevation of Stand and Floor Plans of Top of Structure. 
Reinforceo Concrete Gr\no Stand, Hrooeltx. N.Y. 
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^and extending half-way across. The rods which were used as connection dowels 
here were also greased, and the panels were extended from the front of the stand 
to^the rear and sideways from girder to girder until completion, without ceasing 
the work during this time. The back columns and pilasters were built separately 
and the panels between were filled in later. The expansion joints, consisting of 
two vertical joints, formed tlic entire length of the stand, together with ten 
joints in the fl<x)r slab t>ver the girders and spaced about 24 ft. apart. All of 
these joints were filled with mineral wax and oakum. 



Kig. 6. Cross Section showing Constrnction and Reinforcement. 
Rsinporcbd Concrete Granp Stand, Brooki.vn, N.Y. 


with tapered wooden plugs, which were dipped in paraffin so as to make them 
impervious to water and to assist in their removal. The railing supports ocm- 
sist of round bar anchors threaded and provided with nuts and locknuts, which 
were cast in the concrete at the points required. The seats are supported on 
2 in. by i in. wrought iron brackets, which are dearly shown in structural 
position in the photographs, and the seats themselves are formed by wooden 
strips laid along these brackets and fastened thereto. 

The brackets have the lower arm resting on a short cross piece erf angip 
iron which takes the weight of the seat, Awhile the uppa? is extended through 
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the riser of the step with .i w.iiher and .i nut pl.iced on the inside. After the 
placing^ of these bracket'- all the holes were filled up with a i- j cement inort.ir 



mixture, during U’hich <ipcnttion the surrounding suifares were kept well wet. 
The top dressing of Jlj|e^ and entire gr.ind stand floor, including tin: risers 
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*of the steps, is com|X)sed of i-in. finishing- coat mixed from one part Portland 
cement, one part sand, and one part grit; this was put down at one and the 
salnc lime with the rest of the fl<x)r and was floated to a true and smooth 
finish. As soon as the forms could be pulled, and before the initial set had 
taken place, the entire outer surface was trowelled to a polish and all the 
corntTs and edges werc»rounded off. 

The outside of all the walls and piers was floated down with a wooden float 
and the imperfections removed. The window frames were set in a good bed of 
r<K>fers’ cement. 'J'he outside w'alls were given a coat of white lead and Rock- 
aw'ay Beach seashore sand, and the ii'iside walls and ceiling were rubbed down 
with a w'ire brush ready for painting. 

The pavements laid in the area in front of the grand stand arc built up as 
follow’s :—First a 7-in. bed of clean steam cinders w'as put down, over which was 



spread 4 in. of broken stone concrete, and over the top of this a i-in. coat of 
dressing, which was carefully trowelled, then roughened with a toothed wheel 
and marked off into squares. The concrete used on this part of the work 
consisted of si mixture of one part Portlsind cement, tw'O parts ssind, and five 
psirts of broken stone which will pass through a i^-in. ring; the top dressing 
is composed of a very rich mixture, ntimely, one p.irt of Portland cement to one 
part of sand. 

The running track is made up of the following:— 

A filling is first deposited (consisting of broken stone that wall pass through 
a 2-in. screen), which is placed on top of a well-tamped bed of etirth; the 
broken stone layer running from 3 in. to 6 in. thick and covered with 3 in. of 
clean rolled steam cinders, and then 3 in. more of J-in. screen cinders mixed 
with clay in the proportion of two parts of cinders to three parts of clay. This 
entire mass was then rolled with a steam roller to a hard and even surface and 
well sprinkled. 
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ECONOMY IN REINFORCED CONCRETE DESIGN. 


MR. JOHN A. DAVENPORT. M.Sc. (Viet,), B.Eng. (Liverpool), 
Ast3c.M.Iiut.C.E., A.M.I.Mech.E., M.C.l. 

The following is an abstract of a Paper read al the Ordinary General Meeting of 
the Institute, The various Tables comprised in the Paper are only given here in 
summarised form. A short summary of the discussion is also given. 


PART I. 


Introduction. 


The quOvStion of <t’<>nomy in ronforced concrete d<‘sij<n may Ixi diiscussed with roj^ard 
to : (i) The engineerinjj structure; (2) the architectural structure. 

In order to design economical reinforced concrete structures many factors have to 
be considered, some of which vary in all cases, but there are three fundamental points 
which influence all structures in the same way, aind these are : (1) The effect of ibeam 
I I section on economy; (2) the effect of percentage 

1 Cost of Beams 10 ft '. Ions, of Moment of sh‘el on economy; (3) the effect of layout or 

I Resistance=500,000 Ib.-tn. for Various arrangement of beams, columns, etc., on 


Ratios of . "J .. * . 
b 


Per cent. 
Steel. 

d+i 

~b- 

Total Cost 
in Shillings 
of Beams 
lo ft. long. 

i-oS.S.* ... 

3 

37-54 



38-76 

»» ... 

2, 

40-82 


14 


»» 

I 

48-48 

i-o D.S. ... 

3 

37-02 

9* ••• 

21 

38-34 

99 ••• 

2 

40-45 

If ••• 

r4 

43-59 

If ••• 

t 

48-91 

i 

3 

2S-99 

T beams | 

2 i 

23*61 

with 3-in, •, 

2 

.( 24 ’ 6 a 

slab 

*4 

26-43 

‘ \ 

% 

29*2* 


* S.S. meaha siojgtlie reinfcffvejaenjt. 

: D.S. means dwMe tefafoirceitteot. 




economy. 

The total cost of any reinforced concrete 
structure, whether a single slab, column, a 
whole floor, or a complete frame, will be the 
sum of the total costs of the three items : Con¬ 
crete, steel, and centering, and these, in their 
turn, will depend upon the unit costs. Now 
these unit costs will vary for different parts of 
the one complex structure, but not for any 
single member; so that while a mathematical 
expression for a single member is possible it 
would be impossible, owing to the very large 
number of variable quantities involved, to 
deduce a mathematical general expression for 
all classes of structure, simple and complex. 

The following unit costs are taken 
throughout:— 

Concrete in beams and columns... 40s. per cu. yd. 
Concrete in slabs (per in. of 

depth) . IS. per sup. yd. 

Centering to beams and columns as. per sup. yd. 
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Centering to slabs. 

Steel in column laterals (bent and fi.\ed) 
Stee'l, main reinforcement (bent and fixed) 

Table II. 

Cost of Beams lo ft. long, of Moments of Resist¬ 
ance 000,000, 2,000,000, and 000,000 Ib.-in. 

for Various Ratios of ^ 

b 


Per cent. 



Total Cost 

R in Ib.-iii. 

d-\-i 

in Shilling's 

Steel, 

b 

of Beams 

10 ft. long. 
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3 

56-.39 
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2 
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3 
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2i 
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li 
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2i 
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2 
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if 

154-76 
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174-70 
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3 
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2 

.34-48 

36-16 
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1,000,000 
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30-22 

( 
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44-41 
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49-32 
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58-79 
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I 

67-68 

T beams ( 
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3 

74-35 
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2i 

78-27 
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4,000,000 
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* 1 
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I 
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• This section (23 in. by 10 in.) has not the 

sam^ ratio of 

I 

, because any smaller depth 
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slab would have the neutral a.vis 

m the slab. It is therefore 

taken 

as the shal- 1 

lowest possible T-beam section, and not because 
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Ooo lb. per sq. in. 
16,000 lb. i>er sq. in. 

16,000 lb. per sq. in. 


. IS. 6d. per sup. yd. 

;Ci 7 per ton. 
. £10 per too. 

The stresses used in calculating 
sizes are :—• 

Compressive stress in 
concrete (columns 
and beams) 

Tensile stress in steel 
Comiiressive jitress in 
steel (raaxfmum in 
columns) . 

PART II. 

The Economical Beam Section. 

'J'o tlelermine the economical beam 
section it will be necessary to consider 
various ratios of depth to breadth, and 
various percentages, both j)f single and 
double reinforcement. The effect of 
varying the ratio of depth to breadth is 
first dealt with for a fixeil percentage 
tension reinforcement, and a definite 
moment of resistance. The effect of 
variation of perct'ntage reinforcement 
and moment of resistance are then con- 
sid<T<'d, after having determined the 
most economical ratio of depth to 
breadth. The tension reinforcement is 
firstly taken as I'o per cent, for all 
f)kiin .sections, the doubly-reinforced 
beams having various })(‘rcentage« of 
comjjre.ssion steel, and the momt*nt of 
resistance is 500,000 lbs. 

Notes on Table I. 

An insjKiction of Tables I. and II. 
revc'als s<*veral imf)Ortant facts relating 
to the economy of beams, and these, 
are :— 

1. For similar loadings, a corr<‘ctly 
designed T-beam section is much more 
economical than any other. 

2. For similar loadings, doubly- 
reinforced pUiin beams, with the same, 
area of steel top and bottom, are more 
economical than singly-reinforced plain 
beams when the ratio of total depth 
to breadth is 2 or more; but they are 
less economical than singly-reinforced 
beams whtm the ra/tio of depth to 
breadth is less than 2. 

t. For all types of section a ratio 
of depth to breadth of 3 i« more 
economical than any smaller ratio. 

Bffaet of Vonrlng Foeootttogo Rolafere*- 
noot eo Economy in Plain Boama. 

The cost of plain beams with 
various percentages of single and 
double reinforcement are calculated 
by the_ expressions already stated, and 
given in Table III., for a moment of 
resistance of 500,000 Ib.-in. Single 


reinforcement from o‘6 to i‘6 and double reinforcement from 0*5 to 3 per cent., are taken. 

.15« 
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The important conclusions revealed by the table are— 

I For plain beams the most economical single reinforcement percentag«‘ is from 

I to 1 ’ 2 . 


TAai.£ III. 


Effect </ Varying Percentage on Cost of 
Beant^ to jt. long tor B = ^00,000 

and =3. 
a 


Per cent. 
Steel. 

h. 

Total Cost 
in Shillings 
of Beams 

10 ft. long. 

0‘6 S.S. 

— 

37-51 

0-8 S S. ... 

— 

.37-73 

I'o S.S. 

— 

37-54 

1’2 S.S. 

— 

.37-45 

i'4 S.S. 

— 

37-79 

1*6 S.S. 

— 

37-82 

0-5 D.S. ... 

I 

38-66 


} 

38-81 

>» • • • 

i 

38-78 

»» ••• 

i 
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I 

37-02 

«l • • • 

j 

37-15 

II 
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.37-32 
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II • • • 

i 

38-07 


1 

,38-74 

3'0 D.S. ... 

1 
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II • • • 

.1 

40-58 


i 
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Tabie IV. 


Patio of Total Load to Total Cost for 
Columns with i per cent. Main Sited and 
t ifferent Hoopings. 


Size of 
Core. 
b in. 

Diameter 

of 

P'- 

Total Cost 

Hooping. 
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0-46 
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lox 10 

A 

o-2b 
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lox 10 

A 

0-38 
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lox 10 

1^ 

1 

0-46 

0-946 

lox 10 

A 
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lox 10 

A 

0-66 
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0-26 
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0-36 
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' / ; 


0-36 

■ 1*328 

' 6'i<:® 


- 


I'JSS , 

. '4X*8-' 

- 


1‘.376 
' ' i ' 39 » 



.iL:4ui 


. '- 


2. For plain beam.s the most econortiiral 
double reinforoememt percentage is i, 
with equal tension and ainii)re.sskm 
steel. 

Economy la Rrtaforcod Concroto Boom 
Coaotruotloa. 

(a) Reinforced concTote T-beams, corriH-tly 
designed, with the total depth three limes the 
breadth of web, arc more economical than any 
other .section, for all values of unit cost find 
loading. 

(b) F<r plain beams, reinforced in any way 
whatever, the mo.st e<M>nomical ratio of depth to 
breadth is 3, for all values of unit ccxst iind 
loading. 

(c) For singly-reinhirctd plain Imsuiis, the 
most economical reinforcement percentage runs 
from I to T2, for all values of unit eexst and 
loading. 

(d) For doubly-reinforced jdain beams, the 
mo.st economical rcin.fortvmeint p(*r(X‘ntag<‘ is 1, 
with equal tension and compression steel, for all 
value's of unit cost and loading. 

(c) Plain beams doubly-reinforwd mav Ix' 
more ecorKxnical than .similar beams sini'l' - 
reinforex-d, the relative economies de7>ending 
upon the values of unit cost ami ratio of depth 
to bre-adth of .election, but not to any .ajipn'ciable 
ext<'nt upon the loading. 

The foregoing conclusions are qiiilc ii- 
dejjcndent of any economies efr<*cto:l bv adont- 
ing uniform sections throughout a design. 

FART III. 

Tho Bconomiool Column Section. 

Square columns only will be considered in 
this part becau.se they are oftener u.sed in re- 
inforex-d concrete frame construction than any 
other .section. 

The relative values of cost pc'r ton of load 
will be practically the .same for jM'rcx'iitagi's of 
main reinforcememt other than t, so that 
Table IV. shim’s that the effect of variatioes in 
lateral reinforcement i.s— 

1. For a fixed diameter of lateral the 
greatest economy of space occurs when the 
laterals are closest. 

2. For a fixed spacing of laterals tho 
greatest economy of space occurs when the 
diameter of lateral is largest. 

3. For a fixed diameter of lateral the 

greatest economy of cost occurs when the 
spacing is closest. ^ 

4. For a fixed spacing of laterals the 
graatest economy of cost occurs when the 
diameter of lateral is least. 

$. For a fixed .spacing and diameter of 
laterals, the co.st of the laterals is the same for 
all sizes of colupins. 

The results of Tables IV. and V. may 
now be suntmarised as follows ;— 
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Table V. 

j Effect of Varying Percentage. Longitudinal 
Reinforcement on Cost. 


^ Kcmnomr In Rnlnforead Conerst* (Squara) Column Conalrt'ctlon. 

(/) For ordinary values of unit cost, square columns, helically reinforced, are most 
economical of coat when the diameter of lateral is small, the pitch of lateral is o’l the 
bicadth of core, and the percentajje longitudinal steel is high. 

(g) Increased economy of cost will result 
fron\ the use <rf longitudinal reinftwo'ment 
having a lower yield poiat than ordinary mild 
steel, provided such material be cheaper than 
mild steel. 

(h) The greatest economy of sj)ace is ob¬ 
tained by using large diametttr laterals, pitched 
at o'2 the, breadth of arc, and a high i>cr- 
emtage of longitudinal reinforcement. 

PART IV. 

Economy In Slob, Boom.ond Column 
Construction. 

A floor of breadth 20 ft. juid length vjirying 
with the slab spans, as will bc‘ m<re clearly 
seen later, is taken. 'I'his is divided into ten 
bays, supptrted by nine beams 20 ft. long 
between the walls, .-ind by the wjills all round 
th<' outside, edge. The beams nrv tiiken .'us sup¬ 
ported .'it three (Kyint-s by thciiddition of a row of 
columns running down the middle of the floor, 
advancing by ^ cwl., and .slabs of from i in. to 8 in. 
are taken. The slabs are designed as continuous 


Size of 

Diameter 



Core. 

of 

A' 

Total Cost 

b in. 

Hooping. 

r • 

p 

d in. 



lox 10 

ft 

o-2b 

0-893 

10 X 10 

» 

TI 

0 ‘ 2 b 

0-889 

lOX 10 

ill 

0 ' 2 b 

0-873 

10 X 10 

ft 

0 ’ 2 b 

0-861 

10 X 10 

r« 

Q- 2 b 

0-831 

10 X 10 

ft 

0 - 2 b 

0-842 

lOX 10 

ft 

0 ' 2 b 

0-834 

6x6 

ft 

0 ' 2 b 

1-216 

6x6 

ft 

0 - 2 b 

1-202 

6x6 

ft 

0*26 

1-139 

6x6 

ft 

0 ’ 2 h 

1-091 

6x6 

ft 

Q- 2 b 

1-052 

6x6 

Tir 

0 - 2 b 

1-018 


Superloads of from | to 4 cwt. 
total thickness, advancing by i in. 


slabs, with the four different percentages o'6, o'8, ro, i'2 single reinforcement, as it is 
expected that the most economical percentage will be included in this range. 


Table VI. 


Slab with o -6 per cent. 
Single Reinforcement 
and i-in. Cover. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

1 

2-60 


3'20 

2 

■3-80 


4-39 

.8 

4-99 


5-59 

4 

6-19 

4 i 

6-79 

5 

7-39 

-Si 

7-98 

6 

8-58 

6i 

g-l8 

7 

9-78 

7 i 

10-38 

8 

10-98 


Table VII. 

Slab with o-8 per cent. 
Single Reinforcement 
and l-in. Cover. 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

2-63 

li 

3-26 

2 

3-89 

2i 

4 -S 3 

3 

5-16 

3i 

S -79 

4 

6-42 

4 i 

7-05 

5 

7-68 

Si 

8-31 

6 

8-94 

6i 

q-S 7 

7 

10*21 

7 i 

10-84 

g 

11-47 


Table VIII. 

Slab with i-o per cent. 
Single Reinforcement 
and \-in. Cover. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

i 

I 1 

2-66 


.V 33 

2 1 

3-99 

2i 

4-66 

3 1 

S-32 

•Si 1 

5-98 

4 

6-65 

4 i 

7-31 

S 

7-98 

Si 

8-64 

6 

9-30 

6i 

9-97 

7 

10-63 

7 i 

11-30 

8 

11-96 


Table IX. 

Slab with 1-2 per cent. 
Single Reinforcement 
and i-in. Cover. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

X 

2-70 

li 

3-39 

2 

4-09 

2I 

4-79 

3 

5-48 

3I 

6-18 

4 

6-88 

4 i 

7'57 

S 

8-27 

si 

8-97 

6 

9-67 

6i 

10-36 

7 

li-o6 

7i 

11*76 

8 

12-45 


The cost of slabs alone is taken first, and then^ the combinations of slabs, beams, 
and columns are afterwards considered. 


Economy In Plain Rolnforood Coacreto Slabs. 

The costs of plain slabs are given in Tables VI., VII., VIII., IX., correspond¬ 
ing to o'6, o'8, 1*0, i'2 per cent, single reinforcement. For every thickness of slatb from 
I in. to 8 in., advancing by 4 in., the slab span is calculated for the superlonds i, ij, 2 , 
2^1 3» 4 cwt. per sq. ft., this figure being necessary to get the length of floor and 

then the area of floor. 


?53 
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Eeoaomy lo Slab and Beam Construction. 

Here we have T^beams of 20 ft. span, supporting slabs of various thicknesses and 
r« lnforced with various percentages of steel, the cost being worked out per super yard, 
under the head of b«ims and slaib, and the total cost obtained by addition. It is not 


Table X. j Table XI. Table XII. ! ; Table XIII. 


Co<!t per Sup. Yd. ; 

1 Cost per Sup. \d. 

Cost per Sup. Yd. 1 

Cost per Sup. Yd. 

of Beam and Slab | 

' of Beam and Slab 

; of Beam and. Slab j 

of Beam and Slab 

Floors to carry i cwf. 

Floors to carry 1 cwt. 

Floors to carry i cwt, 1 

Floors to carry i cwt. 

per Sq. Ft, Super- \ 

per Sq. Ft. Super- 

per Sq. Ft. Super -, 

' per Sq. Ft. Super- 

load. 

Jyopt-coHlmu^ < 

load. 

^ on^cofU%nu^ 

load. 

Non-conttnu- 

load. 

Non-continu- 

om T beams of 20 ft. • 

ous T beams of 20 ft. 

ous T beams of 20 ft. 

ous T beams of 20 ft. 

Span and Slt^ with 

Span and Slab with 

Span and Slab with 

Span and Slab wtlh 

' 0-6 per cent. Single 

0-8 per cent. Single 

, 1*0 per cent. Single 

T*2 per cent. Single 

, Reinforcement. 

Reinforcement. 

Reinforcement. 

Reinforcement. 

Thick- 1 

Total 

Thick- 

1 Total 

i 1 

Thick- 

Total 

Thick- 

1 

Total 

ness of i 

, Cost in 

1 ness of 1 

Cost in 

; ness of 

Cost ill 

' ness of 

1 Cost in 

Slab. ! 

! Shillings 

Slab. 

Shillings 

Slab. 

Shillings 

1 Slab. 

1 Shillings 

Ins. 

per sup. yd. 

lus. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

I per sup. yd 

I 

S -7 

I 

S -7 1 

I 

8*7 

I 

8*6 

li 

1 7-4 

li 

7 -.') ; 

ij 

7-5 

il 

7-5 

2 

1 7-2 

2 

7-3 1 

2 

7-4 

2 

7*4 


! 7-4 

2 il 

7-5 

2 i 

7*6 

24 

7-7 

3 j 

7-7 

1 3 

7-9 

3 

8*0 

3 

8*1 

3 i 

8-1 

i 3 i 

8-3 1 

34 

S -5 

3 i 

8*6 

4 

8-6 

4 

8-8 1 

4 

0*0 

4 

9*2 

4 i 

91 

4 j 

9-3 

44 

9-5 

44 

9*8 

.4 

1 9-6 

1 5 

9-0 

5 

10*2 

5 

10*4 

5 i 

1 lo-i 

' 5 i 

10-4 

5 i 

10*7 

54 

111 

6 

10-7 

6 

II’O 1 

6 

11*4 

6 

11*7 

6i 

II -3 

61 

11-6 1 

64 

12*0 

61 

12*4 

7 

II-8 

7 

I 2-2 1 

7 

12*6 

7 

13*0 

7 i 

1 12-4 

74 

I 2'8 1 

7 l 

13-3 

71 

13-7 

8 

23'0 

8 

13-5 

8 

13-9 

8 

14*4 

Table Xa. 

Table XIa. j 

Table XIIa. 

1 

Table XIIIa. 

Cost per Sup. Yd. 

Cost per Sup. Yd. 

Cost per Sup. Yd. 

Cost per Sup. Yd. ; 

of Beam and Slab 

of Beam and Slab 

of Beam and Slab 

of Beam and Slab 1 

Floors to carry 2 cwt. 

1 Floors to carry 2 cwt. 

Floors to carry 2 cwt. 

Floors to carry 2 cwt. \ 

per Sq, Ft. Super- 

! per Sq. Ft. Super- 

per Sq. Ft. Super- 

per Sq. Ft. Super- \ 

load. 

Non-continu- \ 

\ load. 

Non-continu- 

load. 

Non-conttnu- 

load. 

Non-continu- 

ous T beams of 20 ft. 

1 ous T beams of 20 ft. \ 

ous T beams of 20 ft. 

ous T beams of 20 ft. , 

Span and Slab with 

Span and Slab with ' 

Span and Slab tvith 

Span and Slab with i 

0-6 per cent. Single 

0-8 per cent. Single 

1*0 per cent. Single 

1*2 per cent. Single \ 

i Reinforcement. 

j Reinforcement. 

Reinforcement. 

Reinforcement. ] 

Thick¬ 

Total 

Thick¬ 

Total 

Thick-. 

Total 

Thick¬ 

Total 

ness of 

Cost in 

ness of 

Cost in 

ness of 

Cost in 

ness of 

Cost in 

Slab 

Shillings 

Slab. 

Shillings 

Slab. 

Shillings 

Slab. 

Shillings 

lus. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

13-03 

I 

13-04 

I 

13-02 

I 

12*94 


lo-rp 

i 4 

10*27 

14 

10*29 

li 

10*27 

2 

9-48 

2 

9-50 

2 

9-58 

2 

9*6o 


9-25 

3 i 

9-32 

34 

9-.39 

24 

9-51 

3 , 

9-29 

3 . 

9 - 4.5 

3 

9-56 

3 

9*66 

3i 

9-.52 

34 

9-70 

34 

9*85 

34 

10*02 

4 , 

9-85 

4 . 

10*03 

4 

10*26 

4 

10*45 

4 k 

io-a7 

44 

10*50 

44 

10*73 

44 

10*96 

5 , 

10*68 

5 . 

10*97 

5 

11*24 

5 

11*50 

1* 

II-IO 


11*48 

54 

11-77 

54 

12*07 

6 

xt*68 

6 

12*00 

6 

12-35 

6 

12*65 

6J 

12-1{J 


12 * 5.5 

64 

12*92 

64 

13*26 

'K 


7 , 

T3*I2 

7 

13-51 

7 

13-89 

7 t 


tk 

13- 64 

14- s 6 

Zk 

14*09 

14*71 


14 - 54 

15- 17 


■ Mlt.Jt H f 

Ilf: 
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promised to deal with all the super loads alreadv given, but to deal completely with 


I LWt., 2 cwt., 3 cwt., and 4 cwt. per sq. ft. 


Table Xb. Table XIb. 

Cost [)er Sup. Yd. Cost per Sup. Yd. , 

0/ Beam and Slab of Beam and Slab 

Floors to carry 3 cwt. | Floors to carry 3 avt. i 

per Sq. Ft. Super- per Sq. Ft. Super-1 

load. Xon-continu- I load. Non-continu-' 

ous T beams of 20 //. ous T beams of 20 ft. ‘ 

Span and Slab with Span and Slab with , 

o‘6 per cent. Single 0-8 per cent. Smgle' 

Reinforcement. Reinforcement. ' 


Thick¬ 

Total 1 

Thick¬ 

Total 

ness of i 

Cost in ! 

ness of 

Cost m 

Slab. 

Sbillinf^s i 

Slab. 

Shillings 

liis. 

]'er sup. yd. 

Ins. 

per sup. yd. 


1 

17-2 


17-2 


13-0 

ih 

13-0 

c 

”•5 

2 

11 ‘5 

2-j 

II-O 

2d 

I I'O 

3 ! 

10-8 

3 

lO'O 

31 

lo-o 

3d 

II'O 


ii-i 

4 

11-3 

4.i ' 

II-4 

4d 

ii'f) 

5 ! 

11-8 

5 

12-1 

. 

12-2 

5d 

12-5 

6 

12-6 

6 

I3'0 

H 

131 

(,l 

I3-.5 

7 1 

13-6 

7 

14-0 

7l ! 

14-4 

7d 

14-5 

8 

14-7 

8 

I.3-I 


Table XIIb. Table XIIIb. 

Cost per Sup. Yd. Cost per Sup. Yd. 

of Beam and Slab of Beam and Slab 

Floors to carry 3 cwt. Floors to carry 3 cwt. 

per Sq. Ft. Super- per Sq. Ft. Super¬ 
load. Non-continu- load. Non-continu- 

ous T beams of 20 ft. ous T beams of 20 ft. 

Span and Slab with Span and Slab With 

I'O per cent. Single 1-2 per cent. Single 

Reinforcement. Reinforcement. 


Thick¬ 

Total 

Thick¬ 

Total 

ness of 

Cost in 

ness of 

Cost in 

Slab. 

Shillings 

Slab. 

Shillings 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

i 7 'i 


i6'8 

id 

I2'<J 

Id 

I2'9 

2 

11-6 

2 

11 '6 

2d 

ii-r 

2d 

II'2 

3 

I I'O 

3 

ii'i 

3d 

11'2 

3d 

11-3 

4 

11-5 

4 

ii'7 

4d 

11-8 

4i 

12'0 

.S 

I2'3 

5 

I2'5 

5d 

12'8 

5d 

I3'i 

6 

13-3 

A 

i3'6 

H 

13-8 

6d 

I4'2 

7 

14-3 

7 

I4'H 

7 \ 

1 4-0 

71 

15-3 

8 

15-6 

8 

i6'0 


Tabik Xc. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 4 cwt. 
per Sq. Ft. Super¬ 
load. Non-conttnu- 
ous T beams of 20 ft. 


Span and Slab with 

0-6 per 

cent. Single 

Reinforcement. 

1 

Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 


I 

21-2 

Id 

l.S'6 

2 

13 -.S 

' 2d 

12 -7 

3 

I2'3 

3 d 

I 2 'I 

4 

I2'2 

4 d , 

12-5 

5 1 

I 2'8 

5 i i 

I3I 

6 

I 3 \*i 

6d j 

I 4'0 

7 

I 4’4 

7 d ' 

I 4‘0 

8 

13-3 


Table Xlc. 

Cost per Sup. Yd. 
of Beam and Slab 
Floors to carry 4 cwt. 
per Sq. Ft, Super¬ 
load. Non-continu- 
ous T beams of 20 ft. 
Span and Slab with 
0-8 per cent. Single 
Reinforcement. 


Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

21'0 

Id 

I. 5-5 

2 

13-5 

2d 

12*7 

3 

I 2'3 

3 d 

I2'3 

4 

I2'4 

4 d 

I 2'7 . 

5 , 

I3'0 

5 d 

13-4 

6 

13-8 

6d 

14-3 

7 

I 4'8 

7 d 

15-3 

8 

15-8 


Table Xllc. 

Cost per Sup. Yd- 
of Beam and Slab 
Floors to carry 4 cwt. 
per Sq. Ft. Super- 
had. Non-coniinu- 
ous T beams of 20 ft. 
Span and Slab with 
i I per cent. Single 
Reinforcemeni. 


Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

20-8 

id 

15-5 

2 

13-5 

2d 

12'7 

3 

I2'5 

3 i 

I2'4 

4 

I2'6 

4 d 

I2'9 

5 

13-3 

5 d 

I 3’7 

6 

I4'i 

61 

14-6 

7 

151 

7 d 

15-7 

8 

I6'2 


Table XlIIc. 

: Cost per Sup. Yd. 
t of Beam and Slab 
Fhors to carry 4 civt. 
per Sq, Ft. Super- 
had. Non-continu- 
ous T beams of 20 ft. 
Span and Slabs with 
i'2 per cent. Single 
Reinforcement. 


Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

20'8 

Id 

I 5-4 

2 

13-5 

2d 

I 2'8 

3 

I 3'6 

3 d 

I 2'6 

4 

I 2'8 

4 d 

13*1 

5 

13-5 

5 d 

14*0 

6 

14-5 

6i 

I5'0 

7 

t 5’5 

7 i 

i6'l - 

8 

i6'7 
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The calculated results arc }{iven in suminaristHl form in Tables X, Xa, Xb, Xc', to 
Xni., XIIlA, XlIlB, and XIIIc. 


I Table XIV. 

i Cost of Slab, Beam, and 
Column Construction, 
to carry i cwi. per 
S^. Ft. Superload. \ 
Mon-continuous T' 


j Table XV. 

' Co.st o! Slab, Beam, and 
I Column Construction 

I to carry i cwt. per 

I Sq. Ft. Superload. 

1 Non-continuous T 


Table XVI. 

Cost of Slab, Beam, and 
Column Construction 
to carry r pwf. per 
Sq. Ft. Superload. 
Mon-continuous T 


beams of lo H. Span beams of jo ft. Span beams of lo ft. Span, 

and Slab with o-6 per i and Slab with o-8 per and Slab with i per 

cent. Single Rein -1 cent. Single Rein- cent. Single Rein¬ 
forcement. forcement. forcemen*. 


, Thick- 

Total ! 

Thick¬ 

' ness of 

Cost in 1 

ness of 

: Slab. 

Shillings 

Slab. 

Ins. 

1 

per sup. yd. 

Ins. 

1 1 

7-1 

I 

li 

6'0 

ij 

2 

6-0 

2 

2i 

6-4 

2i 

3 

6-8 

3 

3 i 

7-3 

3i 

4 

7-8 

4 

4 i 

8-4 

4i 

.5 

8-() 1 

5 

Si 

9-4 

Si 

6 

lO'O 

6 

6i 

10-5 

f>i 

7 

ii-i 

7 

1 7 i 

II-7 

7 J 

; 8 

12-3 

8 


Total Thick- Total 


Cost in 1 

ness of 

Cost in 

Shillings i 

Slab. 

Shillings 

per sup. yd. i 

Ins. 

per sup. yd. 

7-1 1 

i 1 

7-0 

6*0 

I Ji 

6-0 

6-1 

' 2 1 

6*2 

6-5 


6-6 

7-0 

! 3 

7-1 

7-5 

i 3 i ■ 

77 

8-1 

, 4 

8-3 

8-6 

, 

8-8 

9-2 

5 

9-4 

97 

Si 

ir)'I 

10-3 

6 

107 

10*9 

6i 

11-3 


7 

II -9 

12*1 


I 2'6 

12-8 

, 

' 8 

13*2 


I Table XIVa. ' | Table XVa. Table XVIa. 1 

I I 1 

1 Cost of Slab, Beam, and j i Cost of Slab, Beam, and Cost of .Slab, Beam, and 
Column Construction I Column Construction' Column Construction' 


to carry s cwt. per ' to carry 2 cwt. per to carry 2 cwt. per 

Sq. Ft. Superload. Sq. Ft. Superload. Sq. Ft. Supetload. 

Mon-continuous T i Mon-continuous T Non-coniinuous T: 

beams of lo ft. Span | beams of lo ft. .Span beams of lo ft. Span ! 

and Slab with 0-6 per ; and Slab with o-8 per and Slab with i per , 

cent. Single Rein- cent. Single Rein- cent. Single Rein- j 

forcement. forcement. forcement. I 


Table XVII. 

Cost of .Slab, Beam, and 
Column Construction 
to carry i crot. per 
Sq. Ft. Superload. 
Mon-continuous T 
beams of lo ft. Span 
and Slab with i-z per 
rent. Single Rein- 
. forcement. 


Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

7-0 


6‘0 ' 

2 

f >-3 ■ 

' 2k 

f .7 

3 

7-2 

3 i 

7-8 

4 

8-3 

4 i 

9-1 

.s 

97 


lOM 

6 

li-o 

6J 

117 

7 

12-4 

7 i 

13-9 

8 

137 


Table XVIIa. 

Cost of Slab, Beam, and 
Column Construction 
to carry 2 cwt. per 
Sq. Ft. Superload. 
Mon-continuous T 
beams of lo ft. Span 
and Slah with i-2 per 
cent. Single Rein¬ 
forcement. 


Thick¬ 

Total 

1 

1 Thick- 

Total 

Thick¬ 

Total 

Thick¬ 

Total 

ness of 

Cost in 

! ness of 

Cost in 

ness of 

Cost in 1 

ness of 

Cost in 

Slab. 

Shillings 

1 Slab. 

Shillings 

Slab. 

Shillings ' 

Slab. 

Shillings 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

Ins. 

per sup. yd. | 

Ins. 

per sup. yd. 

r 

9'6o 

1 . - - 

I 

0-53 

I 

9*48 

I 

9-50 

ri 

7 - 4.'5 

li 

748 

li 

7 * 4 « 

li 

7-52 

2 

7-36 

3 

7-40 

1 2 

7-46 

2 

7-53 

2j 

7-51 


7-62 


2i 

7*69 

2* 

781 

3, 

7-82 

1 3 

7-96 


3. 

8*og 

3 

8-24 

3l 

8‘21 

3 J , 

8-42 


3 i 

8*55 1 

3 j 

8-73 

4 

8-68 

4 

8-90 


4 . 

9*08 ! 

4 

9*28 

4 i 


4 ^ 

9-41 


4 ii 

9*62 , 

4 i 

9-86 


9*64 

5 

9-94 


5 . 

10-22 ; 

5 

10-40 


1075 

1 ^!St 

W47 


si 

10*76 ' 

5 i 

11-08 

6. 

tO'65 , 

i 6 ■ 

10*98 


6 

11*30 

6 

11-62 


W’lfi 

1 ' ■ 

«-55 


6* 

11*91 1 

' 6i 

12-28 


'**■70 ‘ 

If 

12*11 


7 

12*51 

7 

12-93 

, ■ 


. .. 

12*69 *• 


7 i 

1375 


13*59 


< • 'V . r . 


. I$’33 


8 

1379 

8 

14*24 
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•If we take these fifjuros as a minimum for ficx>rs ii ft. centre to centre, i.c., lo-ft. 
column and 12-in. slab and beuim in the averafje, the nunvber of cu. ft. per super yard of 
11tx>r will be 9x11 = 99, say 100, and the cost per cu. ft. of building will then 
work out — 

For I cwt. per sq. ft. superload 

2 cwt. 

3 cwt. 

4 cwt. 

These figures, of course, do not include anything for wall beams, staircases, walls, 
or anything exterior to the ordinary floor construction. 


6x12 

: - =072 penny. 

7-36xi2_,^.hjj 

—— -088 penny. 

8‘6xi2 

= 1 03 penny. 


JOO 

_ 9-6x12 


= i'i 5 penny. 


Tabll XIVb. 


Table XVb. 


Table XVIb. 

Table XVIIb. 

''.ost of Slab, Beam, and 


Cost of Slab, Beam, and 


Cost of Slab, Beam, and 

Cost of Slab, Beam, and 

Column Construction 


Column Construction 


Column Construction 

Column Construction 

to, carry 3 cwt. per 


to carry 3 cwt. per 


to carry 3 cwt. per 

to carry 3 cwt. Per 

Sq. Ft. Superload. 


Sq. Ft. Superload. 


Sq. Ft. Superload. 

Sq. Ft. Supertoad. 

K on-continuous T 


N on-continuous T 


Non-continuous T 

N on-continuous T 

beams 0/ 10 ft. Span 


beams of 10 ft. Span 


beams of 10 ft. Span 

beams 0/10 ft. Span 

and Slab with o-6 per 


and Slab with o-8 per 


and Slab with i per 

and Slab with 1-2 per 

cent. 

Single Rein- 


cent. 

Single Rein- 


cent. 

Single Rein- 

cent. 

Single Retn- 

forcement. 


forcement. 


forcement. 

forcement. 

Thick- 

Total 


Thick- 

Total 


Thick- 

Total 

Thick- 

Total 

ness of 

Cost in 


ness of 

Cost in 


ness of 

Cost in 

ness of 

Cost in 

Slab. 

Shillings 


Slab. 

Shillings 


Slab. 

Shillings 

Slab. 

Shillings 

Ills. 

per sup. yd. 


Ins. 

per sup. yd. 


Ins. 

per sup. yd. 

Ins. 

per sup. yd. 

I 

11-6 


z 

11*6 


1 

ii'5 

I 

II -3 

ri 

91 



9-1 


li 

91 

li 

9-1 

2 

8-6 


2 

8-6 


2 

8-7 

2 

8-7 

2I 

8-6 


21 

8-7 


2i 

8-7 

2i 

8-8 

3 

8-8 


3 

90 


3 

9-0 

3 

91 

3 l 

9-1 


3 l 

9-2 


3 i 

9-4 

3 i 

9-6 

4 

9-5 


4 

97 


4 

9-9 

4 

IO‘Z 

4 l 

9-9 


4 l 

10*2 


4 i 

10-4 

4 i 

10-6 

5 

10*4 


5 

10-6 



XO‘Q 

5 

11-2 

Si 

10-8 


Si 

It*I 


Si 

11-4 

Si 

11-8 

6 

II -3 


6 

11*6 


6 

ll-q 

< 6 

13-3 

6i 

II -7 


64 

12-1 


64 

12-5 

61 

12-9 

7 

12-3 


7 

12-7 


7 

13-1 

7 

13-5 

7 i 

12-8 


71 

13-3 


7 i 

13-7 

1 7| 

14*2 

8 

13-4 



13-8 


8 

14-3 

8 

I 4-8 


Economy in Rotnforced Coneroto Slab, Boom, and Column Construction. 

(0 rational arrangement of slabs and beams supported by columns is more 
economical than slabs supported by beams only. 

(;■) A low percentage slab reinforcement is more economical than a high percentage. 

(fe) A thin slab is more economical than a thick slab. 

The writer suggests the thicknesses 3 in., 4 in., 5 in., and 6 in. as the minimum 
thicknesses, respectively, for the snper loads, i, 2, 3, and 4 cw't. i>er sq. ft. 

DISCUSSION. 

The discussion was opened by the reading of a letter from Mr. P. J. Waldram. 

The following is an extract from the letter :— 

“In.a material which is heavy for its bulk, safety and economy are often synonyihouf. 
Where large spans or heavy stresses are involved, a sufficient factor of safety i» O'ften only 
made possible by the exercise of rigid economy in structural weight. Unfortunately, the value 
Of Mr. Davenport’s results as to unit costs, as they stand, obviously depend upon the accuracy 
of the fundamental data and upon the methods of calculating die sections compared. 
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“With regard to the formei, it would certainly appear that the prices quoted of 40s. per 
cub. yd. for concrete, and ;^io per ton for beam and slab reinforcements are figures which 
are open to question. 

“ The stresses stated obviously limit the tables to 1:2:4 concrete, thus leaving out of 
consideration one of the readiest and most efficient means of securing the maximum economy 
in heavily stressed beams and in rolumns, viz., by the use of richer and stronger concretes 
in compression. 

“The formulae used for calculating double reinforced beam sections are not given. 

“ The conclusion drawn that double reinforcement is more economical than single is 
misleading. 

“When the conditions of size and stress are such as to demand more than the econom'c 
ratio of tensile reinforcement, the strength of the concrete is the criterion of the moment of 
resistance. To attempt, under such circumstances, to assist the concrete by additional tensi'e 
reinforcetnents U almost futile, as can be seen from any curve of unit moments of rpsist:ince 
for varying proportions of reinforcement. 

“The author also states that the most economical ratio of (x>miJressivo to tensile reinforce¬ 
ment is I to t. This depends upon circumstances.” 


^ Tabi-e XIVc 

' Cost of Beam, Slab, and 
Column Construction 
' to carry 4 cwt. per 
Sq. Ft. Superload. 
Non-continuous T 

beams 0/ 10 ft. Span 
and Slab with 0*6 per 
cent. Single Rein- 
forcemetU. 


Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

1 V 3 


10-4 

2 

9-8 

H 

9-6 

3 

b -7 

3 i 

9-9 

4 

10-3 

4 i 

10-6 

5 

11-0 

5 i 

xi-4 

6 

11-8 

64 

12-3 

7 

12-9 


13-4 

8 

13-9 


Table XVc. 

Cost of Slab, Beam, and 
Column Construction 
to carry 4 cwt. per 
Sq. Ft. Superload. 
j Non-continuous T 

beams of 10 ft. Span 
j and Slab with o-8 per 
cent. Single Rein¬ 
forcement. 


; Thick- 

Total 

1 ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

1 I 

13-5 

14 

10-5 

1 2 

9-8 


9.7 

3 

9-8 

1 34 

10*1 

1 4 

10-5 

44 

10*9 

5 


54 

ri'8 

6 

12-2 

64 

12-7 

7 

13-3 


13-8 

8 

X4'4 


Table XVIc. 

Cost of Slab, Beam, and 

Column Construction 

to carry 4 cwt. per 

Sq. - Ft. Superload. 

Non-continuous T 

beams of 10 ft. Span 

and Slab with i per 

cent. 

Sinele Rein- 

forcement. 

Thick- 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

I 

r 3-3 

x4 

ro-3 

2 

9-9 

2i 

9*7 

3 

9-9 

34 

I 0-2 

4 

10-7 

44 

1I‘0 

5 

11-5 

54 

I 2 -I 

6 

12-5 

64 

I 3 -I 

7 

13-7 


r 4-3 

8 

14-8 


Table XVIlc. | 

Cost of Slab, Beam and | 
Column Construction 
to carry 4 cwt. per 
Sq. Ft. Superload. I 
Non-continuous T 

beams of 10 ft. Span 
and Slab with i-2 per 
cent. Single Rein- ■ 
forcement. 1 


Thick¬ 

Total 

ness of 

Cost in 

Slab. 

Shillings 

Ins. 

per sup. yd. 

' 

I 

13-2 

i 4 

10-3 

2 

9-9 

24 

9-« 

3 

lO-C) 

34 

10-4 

4 

10-8 

44 

II -3 

5 

11-8 

54 

12-4 

6 

13-0 

64 

I'3-4 

7 

I4-X 

2 * 

14-7 

8 

X 5-3 


PnfatMor Admnt, M.Iaat.CJB. (Vice-President C.I.), stated that there seemed to be a 
little confusion regarding the relative economy of single and double reinforcement. In the 
course of the paper the author stated that double reinforcement is not necessarily less 
economical than single reinforcement. Then, further on, he stated that doubly reinforced 
plain beams with 1 per cent, tension and compression steel are more economical than singly 
reinforced plain beams. 

‘ With regard In idte glifit^ment, ” Any smaller depth ratio of depth to breadth than 3 to i, 
,tW)«ld bring-the isen^al inside the slab and the beam would then mb longer be a T-beam,” 
he had alnmys cohsldei^ Whether* the neutral axis is within the flange or within the wet it U 

' ^htement that “The elimination of columns increases the cost of con- 

, ^han the elimination of columns altogether, not takmg the case 

beam*-' 




ECONOMY IN REINFORCED CONCRETE DESIGN 


, Mr. E. FIaai$r Btebella, P.Phya.Soe., M.Math.A.. A.M I.Mach.B., M.CJ , said that the 
paper had the one advantage in it that it showed a far more scientific way of obtaining 
economy than is frequently adopted by builders who are very anxious to get a particular order 
in the face of rivals who have an equal chance of procuring same. In that case a common 
device is to increase the working stresses in an arbitrary manner and decrease the bending 
moments in the same way. With regard to the author’s remarks on the economy in reinforced 
(-•oncrete (square) column construction, the word “ helical ” is rather ambiguous. As used in 
the R.I.B.A. Retx>rt, the word “helical” is restricted entirely to lateral reinforcements in 
the form of a cylindrical sci^w, and not a form which is square on plane. The point is 
important, because if the author in his paper has taken the form factor for helical reinforce¬ 
ments when he has had in mind lateral reinforcements which are square on plane, then the 
re.sult of equations in that case will not be in accordance with the R.I.B.A. Report. 

With regard to the author’s suggestion as to slab thicknesses of 5 in., 4 in., 5 in., and 
6 in. as the minimum thicknesses respectively for the superloads, a word of warningsis needful 
to those who may be building within the County of London, and that is that the load on the 
floor is not the only factor in determining its thickness. In many cases the Building Acts 
require fire-resisting construction, and half an inch or one inch of reinforced concrete is not 
considered fire-resisting. 

Mr. R. W. Vawdrey, B,A., Aaaoe.MJaat.C.B. (Member of (Council C.I.), said he thought 
that ;^io per ton for the main reinforcement (bent and fixed) was altogether inadequate, 
lie went on to remark on the difficulty of confining considerations to bending moments 
oMy, and whilst it might l>e necessary to confine one’s attention to bending moments for such 
a puriKise as that of this pajier, it is a fact that all these per cents, and general descriptions 
of methods are vitiated to a very great extent by the question of shear. In a great many 
cases it is that far more than the bending moment on the beam which really determines the 
design. As to the general principle that has been adopted by the author, he thought tlie idea 
of working out in such df tail the actual costs under various conditions was an excellent one. 

Mr. Bwart S. Andrtwa, B.Sc. {Load.), M.C.I., said he did not see why the author should 
have given values for double reinforcement below what is commonly called the economical 
percentage, '6~s, because it seemed almost obvious that it was unnecessary below those values. 
With regard to the T-beam formula, he thought it would have been rather more satisfactory 
and valuable, since most of the calculations have followed the R.I.B.A. figures, if they could 
have been followed without much additional work to those T-beams. 

Mr. M, Noel Ridley, Aeeoc.M.last,C.E., M.C.I., said there were several things in the 
Tables he did not quite understand, and referring to Table II. he said he did not quite see 
why the author put the width of the lieam i^'g, taking the 1,000,000 lb. resistance for a metal 
of 5-78 sq. in. He thought in some cases the single reinforcement had been taken in the 
bottom instead of double. Of course, there it would be usually double, and the width of the 
beam would be about 8 in. instead of i3'g. 

Mr. E. C, WHUame, B.Sc.: T-beams, being the major part of a building in reinforced 
concrete, must of necessity be the most important part of this Paper. In T.ible II., on T-beams, 
4-in. slab, with 1,000,000 lb. bending moment, after the cost of the beams 10 ft. long, comes 
the, factor of concrete, which is here a varying factor. Now, a beam with a fixed bending 
moment over a span of, say, 10 ft., would of necessity have a fixed shear. If that shear is 
constant, and we usually take 60 lb. a sq. in. on the concrete, then the concrete area must be 
constant. This concrete area does not enter into the consideration, of course, and the question 
of cost depends entirely upon the ratio of side centering for steel reinforcement, and there 
must be a factor of the bending moment. 

Then, again, as regards the slab, he had worked out the question of cost for the slab 
himself, and found that that slab would be cheaper provided the cost of the steel in the slab 
were equal to the cost of the concrete. The centering cannot come into the question of cost at 
all. As regards the slab, it is purely a question between the concrete and the steel, whereas 
in a T-beam it is a question between the side centering of the beam and the steel. 

MR. DAVENPORT’S REPLY. 

Mr. Dareaport: In replying to Professmr Adams regarding the elimination of columns, 
the author said he had taken two schemes- First of all a 20-ft. floor supported on non- 
continuous beams ao ft. of span, and worked up the costs, thus getting so much per superficial 
yard fior the various thicknesses per yard of superloads. Then he obtained the effect of 
reducing the spans of the beams by adding a row of columns, which gave the cwt per super, 
yard, and hence the statement that the elimination of columns, that is increasing the spans 
of beams, increases the cost. 
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Regarding the point raised of the T-beam with a neutral axis in the slab. This would be 
a T-beam, with a very much thinner slab, and the same benefit would not be derived from that 
as compared with the full depth of the slab acting in compression. The compression area is 
reduced, and of course the total compression, that is, the total push, due to the stress iir that 
concrete is reduced also, and the moment of resistance is reduced unless it is increased by 
doing something else, either increasing the breadth or in some other way. The question of 
double and single reinforced beams was put forward. In one place it is stated that they are 
more economical, and in another place that they may be more economical. For the cases 
considered they are more economical, but in the Paper these cx)sts are taken for a special 
reason, not necessarily because they are the best costs, but they are simply costs which would 
enable anybody, if they wished, to get costs of i-cnstruction to any other unit cost by simple 
proportion. 

Replying to Mr. F.tchells’s remarks as to the thickness of the slabs, and the question of 
fire-resistante, the author remarked that he bad not considered the question of fire-resistance 
at all, as this came under the heading of Architectural F.conomy. 

Rejilying to Mr. Vawdrey’s suggestion that ;^io per ton for the steel was too low, the 
author remarked that this might be so, but it formed a good basis to work from. 

After replying to several other speakers’ remarks in detail, the meeting was terminated. 
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NEW BOOKS 

AT HOME AND ABROAD. 

A short summary of some of the leading books v>hteh have appeared daring the last few months. 


** A TrMitU* OB Cement Specifieatlone. By 
Jeromo Cochran. 

London': Constable & Co. 1 !A 3 . 6/-net. 
Although this work bears an English 
publisher’s name on the title-page, it is 
entirely American in object and scope. 
J'he author admits that .-\merican .specifi¬ 
cations go into less detail than those of 
Europe, and it is not likely that engint'ens 
in this country will learn much from the 
spc'cifications here printed, although tlic 
compilation will no doubt prove of value 
to their American colleagues. 

Both natural and puzzolan (slag) cement 
Ve used in the United Stales, but it is 
interesting to note that the <>mployment of 
<“ither is excluded in the construction of 
reinforctxl concrete work or of any struc¬ 
ture subjected to severe or frequently re¬ 
curring structures, for which purposes 
only Portland ci'inent may be employed. 

'I'he tests described are similar to those 
generally used, except that the boiling test 
with thin pats is psescribed for tlie detec¬ 
tion of unsoundness, the Le Chatelier test 
not being mentioned. The requirements 
as to fineness are much less stringent than 
thos<‘ of the British .Standard Specification. 
TTie limit of magnesia is fixed at 4 per 
cent., and that of SOg at 175 pt^r cent. 
There is a useful bibliography of American 
publicationis relating to the testing of 
cements, with a few European references. 

“ Rel»forc«d Concrete Doors.'* 

Red Book of the British Fire Prevention Committee 
No. 173 . dealint; with Fire Tests with 3 reinforced 
Concrete Doors, constructed for Experimental 
Purposes to the Design of Commandant Welseh, 
Chief Officer Ghent Fire Brigade. Publisbed at the 
Offices of the Committee, 8 Waterloo Place, Pall 
Mall, S.W. Price 3 / 6 . 

The doors tested and reported upon in 
this Red Book are of a non-proprietary 
character, and were designed in Belgium 
in the public interest by Chief Officer 
Welseh, who is the Chairman of the 
Belgian Government Technical Commit¬ 
tee on Fire Protection. 

The doors under test comprised two 
single doors to two openings, fitted ' as 
sliding doors, and one set of double sliding 
doors fitted to a third opening. 

In the prefatory note it is stated that 
■“ although the idea of constructing doors 
of concrete is not new, yet the use of such 
doors has been quite exceptional.” 
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A study of the Report will show that the 
tests were highly interesting, and they 
went to prove that—subject to the remr^y- 
ing of some minor defects ki construction 
—reinforced concrete doors would be a 
valuable addition to our fire-resisting 
materials. 

The two single doors were tested for a 
period of 2\ hours at a tc*mi)crature gradu¬ 
ally increasing to i,8oo° F., but not ex- 
ce^ing 2,000°, and the double doors were 
tested for^a like period under similar con¬ 
ditions. In each instance water was 
applied at the conclusion of the test for 
two minutes. 

All the throe doors tested had a dimen¬ 
sion of approximately 4 ft. by 7 ft. 

A full log showing the progress of the 
tests is given. The Report contains illus¬ 
trations of the construction of the doors, 
together with numerous photographic 
views of the doors before and after test. 

By the kind permission of the Com¬ 
mittee wfe arc tiCTC reproducing a view of 
one of the single doors showing the fire 
side of Door No. 2 after the test, and after 
the door had been removed. 

All the dimensions, etc., in the Report 
are, as usual, accompanied by their metric 
equivalents. 

A German edition of the R<;[)0rt has 
been published by the Committee’s Con¬ 
tinental publishers. 

“StaIrcasM la RelafarcMl Conerata aad 
Artlfiolal Stona” (" Elaanbalontrappaa 
uad Kuaatataiaatufaa,”) By Karl 
Matthias. 

Berlin: Verlag der Tonindnitiie-Zeitnng. 1913 . 
Price M. 2 . 23 . 

The construction of staircases in con¬ 
crete or artificial stcxie is a very common 
proceeding, whilst complete, self-support¬ 
ing staircases of reinforced concrete have 
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been introduced into many modern build¬ 
ings, but the statical computation and 
design of such structures are complicated, 
and probably few engineers are familiar 
with them. For this reason the present 
work, which describes the usual forms of 
construction ^nd deals in detail with the 
nature of the stresses and the methods of 
computation, will be found useful. It is 
important to note that the choice of a type 
is often governed by local building regula¬ 
tions relative to fire-proof staircases. 
Methods of testing are also described, in¬ 
cluding a method involving the use of a 
small portable hydraulic press, by means 
of which a load may be applied to one or 
more steps at once, and which may be 
found useful in other cases where it is 
required to test beams and other structural 
members on the spot, without removal »o 
a specially-equipped laboratory. 

The book is fully illustrated. 

"A Primer of Cemont ” (“ Zomentbrevier.’*) 

By Dr. Hons Kuhl. 

Beilin; Verlag der Tonindostrie-Zeilang. 101 .^. 

Price 30 Pf. 

This excellent little compendium, a 
pamphlet of only 70 small pages, contains 
a remarkably complete statement of the 
essential facts relating to cements, their 
manufacture, properties, and use. The 
different types of cement (Portland, 
natural, iron-Portland, slag, etc.) are de¬ 
scribed and dt'fined, and the methods of 
testing and the standards to be attained 
are enumerated in detail. The last section 
deals with the methods of mixing mortar 
and concrete for various purposes, in¬ 
cluding reinforced concrete construction, 
and tte best proportions and character of 
aggregate, etc., for each case. The in¬ 
formation given is both concise and 
accurate. 
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NEW WORKS IN CONCRETE 

AT HOME AND ABROAD. 

Under this hee^dlng reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 

It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primaiy features, at the most explaining the idea which served as a basis 
for the design,—ED. * 

NEW OFFICES FOR THE “LIVERPOOL DAILY POST.” 

Some new premises have recenlly been erecLed and completed for the Liverpool Daily 
Post. The two great points which had to be taken into consideration in the erection 



View diowiot Buildiatf in cosne of d^ytraetion^ 
New Offices f<m« th* !* Liverpooi. DAttir Pow." 


of the’building were ectmomy of space and safety against^d it was fdiliid ^at 
both these problems were solved by the employment of rel^pre^ eonta^. . 

, The building is an extension to the exiting 
tion to a basement, which houses the engines. The walls are earned, matt , to 






alMWiiig 9«i[rbr'«otiiplated Strnctote. 

‘ Ncar OmCBs VQK THB “Li'mi'Dot. Daily Poii." 


ippatractors wer« Messrs. Edmund Nuttail Co., of Man- 
iind this, jfcd^ Williams; of Liverpool. 

CmAy-rRONT at WBSTFOKT. 1KE1.AN0. 

Comm'issicHi^s some time ago deckled to extwd the 
considered the use of reinforced concrete, masonry, and 
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floor by a reinforced concrete frame, and the floors are designed for a super-load of 
3 cwt. per sq. ft., and they are 4 in. thick. Tire building is of fire-resisting construc¬ 
tion throughout. 

The (ktails of the reinforced concrete work were designed in collaboration Vith 
the architect, Mr. Aubrey ITiomas, by Messrs. L. G. Mouchel and Partners, Ltd., 






REINFORCED CONCRETE QUAY FRONT. 


iid\ lilij [l'n\ iiili llil 

* .1 I i 11 If I 1 It 


• After getting preliminary tenders it was decided to erect a reinforced concrete 
structure, and designs and tenders were invited from a few specialist firms. 

The design adopted w'as as shown in figs, i and 2, and the work was carried out 
accofdingly. 

The quay front, which is about 200 ft. long, consists of a row of main piles 
14 in. by 14 in. section and spaced 6 ft. centres. Behind the main piles close sheet 
piling is driven in order to retain the sand filling. 

The sheet piles are 8 in by 14 in. in section, and the pressure exacted on them by 

_^_ 

^7^ / j. • ' . 'y.:. mitted to the main 

•/ piles by three rows of 

I ■ -■! '• ■■■ • •• • • horizontal walings, 

M ' by *12 in. in 

section, two placed 

i-L, 1111 J 1 1.1 U. 1 -L. 11.11 -LI ,.l, J .],, lllj close together just 

iTl 1 I TTTT nTT I'l mT I I I | TTTl TTT ^bove low water 

level and one placed 

r-*-^ ^ ‘ ‘ *' *' ^‘ ‘ ‘ '* " ‘‘ ‘ ‘ 1 somewhat higher up. 

wL TTTT ] " I I [ T " I nTT I I TT Tm [" I ". ' j I" ' On top of the main 

and sheet piling a 

1 heavy horizontal 

beam is built, tieing 
all the piles tc^ether 
at their upper ends, 

I 1 If j jj ill I I * ^ M I I I ^ ^ and serving as a base 
lllljlll! I 1! 1 for the upper wall or 

ua LU-XOj 'u.Xll fUiJJ iLiUl XlllJ l-LLUi llli-ll llJ apron. 

y 'll "f'bis consists of 

V V V V V V V a n e a r 1 y vertical 
Fi«. 1. Front Elevation, slab, supported by a 

copini! beam at its 

~—1 »!.■■■*j ' ' s jej ! -r *» , , , 

- sSi ‘o.;-/.' -’-' ■ - ■ . -A “PP®*" and by 

~ buttresses spaced 

j ili VilX - ‘ J' j! iiiieiw b ft. centres, and 

T .'.'f ~ , 1 - ' • - / d-Z Fh placed just above the 

- dd' ‘.'.l \.A 0 main piles. 

: r y - ’ '■ ' .'- 'W’t '4> The front edge 

' ll'd ' ® coping beam is 

‘ \ *4 protected by a heavy 

’“7 * .vTK 1 A.W.O.J.-7- angle, fastened 

• '*7^ A ~~ to the concrete by 

\ '1 V 1 ^ means of rag bolts 

*: •_ '‘.•L.all with countersunk 

■ V1 7 heads. 

1 The whole front 

^ •" part of the structure 

' is tied back to the 

■'ilyi anchor piles by 

^ H means of 12 in. by 

y 12 in. tie beams, 

^ spaced 6 ft. centres. 

Fig. a. Cross Section. 00^ to each main 

Westport Quay Eetbnsiom, Ir*i.and. Carried 

through an old rubble wall, behind which the anchor piles are ckiven. 

In som€ places, where a building comes up close to the oW rubble wau, !t was 
found necessary to drive the anchor piles in front of this wall, but the tie beams were 
in all cases run thremgh the wall, and concreted into it. . , , , , 

There is one anchor pile to each tie beam, and they are 12 in^ by 12 in* in se<^iioai». 
After the reinforced concrete work had been finished the spaw betwew the oW 
rubble wall and the new reinforced concrete front was filled with sand, a*^ the 
dredging could then be proceeded with. ' 


Fig. 1 . Front Elevation. 
■''rd nLt.tNG i t'/! 


r .W.AS.TT 






Fig. t. Cross Section. 
Westport Quay Extension, Ireland. 



KEW WORKS IN CONCRETE. 


Section BB. 


Three heavy timber fender piles were also driven in front of the reinforced concrete 
piles, and were carried up to 5 ft. above quay level and braced to the reinforced 
ccMiorete, so as to serve as mooring posts also, as shown in Fig. 3. 

The Engineer for the wwk was Mr. E. K. Dixon, M.I.C.E., County Surveyor for 
the County Mayo, and the reinforced concrete work was designed and carried out by 
Messrs. J. & W. Stewart, of Belfast, London and Dublin. 

KBINPORCED CONCRETE 
POSTS AT GROVELANOS 
^ ra PARK. 

^ ^ The accompanying illustration 

shows some patent reinforced 
i concrete posts used for fencing 

< round tlK lake in the pictur- 

esque new park at Grovelands, 
Palmers Green, which was 
B opened to the public last 

” month. The posts are of York 

Fig. 3. Side View. Section AA. Section BB. Stone chippings and Portland 

Details of Timber Fenders. Cement concrete, 5 ft. long 

WasTPORT Quav Extension, Ireland. and 5 in, square, and have a 

neat cap of ornamental design. 
They are placed 8 ft. 6 in. apart, but closer on sharp curves, and are reinforced with riib 
mesh expanded steel supplira by the Expanded Metal Co., Ltd., of London and West 
Hartlepool, bent into column form, and are very strong and durable. For situations 
near water, these posts are espteciaily suitable, as they are impervious to rot or decay, 
and indeed become stronger with age. They carry a ij by square iron bar set angle- 
wise in the posts, andi the fencing is pleasing in appearance. The posts never vegetate 
but retain the natural stone colour, and there is no necessity to paint them, so that they 
are well adapted for park or roadside fencing. 

Tte fencing has been carried out by Messrs. Tidnam and Co., concrete specialists, 
of Wisbech, from tlw designs and superintendence of Mr. C. Griffin Lawson, 
A.M.I.C.E., the Engineer and 
Surveyor to the Southgate 
Urban District Council. 

CONCRETE IN EGYPT. 

The magnitude of many of the 
great works in Egypt—such 
as the Assuan Dam—in the 
construction of which concrete 
forms the main element, is, 
from repeated description, well 
known. 

Concrete, however, has 
other, if smaller, fields of 
utility in the land of the 
Pharaohs, one of these being 
that which the Egyptian Delta 
Light Railway Company, 

Ltd., finds for it. Reinforced Concrete Posts 

For a long time this Com- Grovseands par*. palmbrs gres». 

panjconfronted with the 



Reinforced Concrete Posts 
Grovscands Parr, Palmbrs Grbbm. 





ter^ fpr oertisiin of its subordinate station officials (native 
h il^ld enable to be charged commensurate with the 
tiioee and yet provide a reasonable rate of 

1^1 RimfbitM concrete afforded the only practic^le ^ution, 

an ehcIoMd courtyard for menials, with two rooms and 
rooms and a courtyard for station 
of 5 by. 3 m., a hagbt in front of 3 m. and at the 
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rear 2-50 m. The single courtyard is 2-50 m. broad by 3 m. long, and the double court¬ 
yard 2*50 m. broad by 6*20 m. long, all inside measurements. 

The walls are built of concrete, the method of construction being as follows; 
Timber moulds were first of all made according to drawings at a cost of £^ 5 - These 
are then placed on the ground at the site of the building longitudinally, so arranged as 
to come into position when raised vertically. The insides are coated with oil and the 
reinforcing element—consi^ing of discarded semaphore wire—is laid in such a manner 
as to form a network, the ends extending some 2 ft. outside. The window and door 
for each unit is then put in place. ITie concrete mixture consists of— 

i in. diameter Abou Zaabal gravel, 3J parts. ^ 

Fine sand, parts. 1 

Gillingham Portland cxjment, i part. • | 

It is poured into the mould and subsequently kept moist by means of wet sacks, being 
left to set for seven days. The sides of the moulds are removed and the slabs, now 



Double Unit Reinforced Concrete Hut, 

Staff Quarters, Egyptian Dei.ta Light Railways. 


set, are raised on end into position by means of a winch and shear-legs. The edges are 
joined by the passing of a | in. dia. iron rod vertically and looping the projecting ends 
of the reinforcing wire round it, subsequently giving the whole a covering coat of 
oement. 

The whole of the structure has a clean face and requires no touching up what¬ 
soever. The roof is of ordinary galvanised iron. 

The cost of constructing the single unit, one room and courtyard, in the manner 
described is £12, the double unit like the one illustrated costs £iSt and tlw treble 
unit £^. The annual rent is fixed at 10 per cent, of this, and is gladly paid by the 
staff, as no equally substantial habitation, and one so easily kept clean, can be obtained 
locally few double the sum, and the amount is well within the means of even the lowest 
paid employd. 
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MemarMnOM End News Items ere presented under this hesdingr with occssionsl editortsi 
oammentrn Authentic news will be welccme*-^BD, 


The AppUcatioa of ReMorced Concrete to Rural Housing.— \n the course of 
an interesting paper on the subject of reinforoed concrete generally, read before the 
Surveyors’ Institution last month, Mr. Percy J. Waldram spoke at some length as to 
the possibilities of using reinforcsed concrete to solve some of the difficulties of building 
cheap cottages in rural districts. He pointed out that the essential requirements df 
cottages and small houses in rural districts are (o) that they should be inexpensive, but 
efficient and durable; (b) that the walls should not. only be weather and damp pr(x>f, 
but form an insulation against changes of temperature; (c) that 'they should not dis¬ 
figure the landscape; and (d) that they should be sufficiently substantial and fire- 
resisting to comply with reasonable or reasonably interpreted by-laws. 

The author stated that there could be little doubt tluit a cottage built of reinforced 
concrete in the form used for warehouses and office buildings would be extremely costly. 
But there were other ways in which the properties of cement concrete and the particular 
advantages of reinforced concrete could be enlisted. 

He pointed to the hollow concrete building blocks made by hand machines which 
any intelligent labourer could operate, and went on to show the different ways in which 
th^ blocks can be employed and finished off. 

He described various ways in which the reinforced concrete could be applied 
advantageously and economically, and how, by adopting certain methods^ in wall 
construction, saving could be effected. The paper was followed by a discussion. 


New Whari for Dundee In R eintorced Concrete. — The Dundee Harbour 
Trustees have decided to construct a new wharf of reinforoed concrete. The wharf is 
to be 650 ft. long and 60 ft. wide. The total estimated cost, including necessary 
equipment, will be about 20,000. 

The British PIre Prevention Committee’s Testing Station.— The British Fire 
Prevention Committee’s Testing Station, which has been recently remodelled and 
enlarged, is to be opened for its new session on Wednesday, May 7th, and an interest¬ 
ing series of fire tests, with both noni-proprietary and proprietary building materials, 
has been announced for the coming summer. 

On the opening day the tests are to be with fire-resisting glazing and with rein¬ 
foroed concrete party-wall doors, and a large attendance from the various Government 
0 ^>artments concerned, who subscribe to the Committee, is expected. 

On the t^>ening of the Testing Station, it will be found that the relics of previous 
tests, as far As they wee' still available, have been arranged to serve as technical 
a^shibits—partly as out-door exhibits and partly indoor—and these collections are to be 
materially extended and cataiogued. 

Sire Pfditat^toh tn Thamtida.— A model theatre has been built ait Dussejdorf, in 
Otder' to test the of th^tre fires, apd the best means of rendering theatrical 

p«o<^ agsalri^ li; occupies a site measuring 50 ft. by 80 ft., wkh the 
and ^lfhO^nium 40 ft. hi^ The main part of the building is of 
A special entry enables observations to be made both 
two,kinds dP fweproof curtains will be fitted. .Seats 
jbtpntjon of testing various processes for rendering them 
Ifi.v f' ;' 

vithUt J«clw.~The accompanying draw¬ 
ls 4 he design and method of operation erf wail-raising 

.ags aad .the, structures in process of section. The 

icecs!* qujsriafs as well as the barracks bididingl at 
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f'ort Crockett, Galveston, Texas, built in this manner, the latter building measuring 
187 ft. long and 58 ft. wide. 

•The quartermaster’s store-house—116 ft. long—at Crockett was also built in this 
manner, the walls being raised into place in 4^ hours by these jacks. The front wall 
of the post exchange and gymnasium building at Galveston, Texas, weighing 243 tone, 
was erected with these raising jacks. 


The concrete walls o# the Military Academy at San Antonia, Texas, were also 
completed in a horizontal position, the reinforcement being readily employed with small 
labour cost, and the completed walls raised into a vertical position by these |>ower jacks. 



At Deerfield, Ill., a busi¬ 
ness structure 60 ft. by 
60 ft., with two'apartmenta 
on the second ntxjr, was 
erected at a cost of only 
$18,000, including plumb¬ 
ing and heating. This 
building has monolithic 
concrete walls, light courts, 
and roof. 

It is maintained that 
this system of reinforced 
concrete building construc¬ 
tion is a simple solution of 
the concrete prdjlem. The 
expensive wooden or metal 
forms often make the cost 
of a form-built structure 
very high. 

The weakness of a 



Figs. 1 add 2. 


wall built in forms is 
caused by the horizontal 
stratas of cement, sand, 
and gravel, which result 
from pouring two or three 
feet (vertically) of a wall 
each day; this is essential in 
form construction, while the 
length of time consumed in 
building forms and pouring 
cement in them is so great 
that many owners and 
architects are loath to 
undertake the proposition. 

It is held that all of the 
above-mentioned difficulties 
have been successfully over¬ 
come by this method. The 
system is simple and 
unique. On this and on 
piles inside of the building 
lot are set a series of steel 
jacks. These jacks consist 
of a supporting carriage, a 
pivoted walking beam, and 
a collapsible «:r6,w driven 
by a worm gear atjd wonti, 
A platform is then latd„on 
the jacks, and on this plat¬ 
form are set In their 
proper relative positions 
all door-frames, window- 


frames, and other openings. 

Now the concrete is poured around the openings of this censh^CtiOA- 



^cQNSTTO€rnic»iAj^ 

w .1 ■VSk^BNGIl'^aaiCNG 


UMIVEIRSAL JOIST . . 

r 

OTEEL SHEET IFELING 


liluMration ihowi oroat dam at the Entrance to Chertaey Look which ia 
now beinf reoonatruoted by the Thamea Conservancy. It ia a single row 
of our 15 inch X 43 lb. Piling, and ia quite watertight. The tame kind 
of piling ia alao being uaed for retaining t^e aidea of the Lock, 
afterwarda being covered with concrete and forming part of the 

permanent work. 

THE STRONGEST PILING 
ON THE MARKET. 


. •hi.'- 1 , ' if;,)' 

"life! 


f Steel Piling Co. 

'ielicite^Baillter LONDON^ E.C. 
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The reinforcement is easily and properly placed both horizontally and vertically, 
because^ the wall resembles a great draugbting- 4 >oard, arid is very readily “ laid out.” 
If &n air space is desired, it is only to !:« fill^ in with loose sand, which is removed 
before the wall is entirely in place. When the entire wall is poured—and this can be done 
in a single day, even though the wall be 200 ft. long and three stories high—^and the 
finish desired is put on the outside surface, it is all level like a huge work-table. 

After the wall is finished, it is allowed to set for forty-eight hours; then a small 
gasoline OTgine or electric motor is connected to the driving-shaft and the wall rises 
from the inside slowly and quietly to its permanent vertical position. 

The space between the wall and foundation is pointed up and properly braced, and 
then comes the removal of the jacks, which are bolted to anchors set in the wall. 



When all the walls are in place, the corners where reinforcement from either wall 
project and interlock are then poured, and there is a complete monolithic, well-finished 
structure. The floors and roof of concrete, or of any construction desired, are then, put 
in in the .same way as in any other building. 

No forms whatsoever are used in the wall construction excepting the wooden jack 
platform, which is never destroyed, but is used over and over again. The reinforce¬ 
ment is plac^ both horizontally and vertically exactly where it Xiongs in both inner 
and outer walls and rods. Fabric or any other kind of reinforcement may be used 
without the .slightest difficulty. It is claimed that a building can be constructed in 
two-thirds of the time required for brick construction. 

Strength Coettictente 0/ Reinforced Concrete Telegraph Poate.—The Service 
de I’Electricitd of the Brussels Municipal College has informed the Union des Exploita¬ 
tions Electriques that its consultative committee on safety measures has adopted the 
following coefficients for telegraph posts made of reinforced concrete. WIiot. such 
posts serve to take wires across a railway, the concrete must stand a compressioni stress 
of 30 kg. per sq. centimetre (427 lb. per sq. in.), and the metal a tensile strain of 800 kg. 
per sq. centimetre (11,378 lb. per sq. im), but when the telegraph line follows or crosses 
a road or waterway these figures must be increased to 35 kg. (498 lb.) and 1,000 kg. 
(14,223 lb.) respectively.— Contract Journal. 

Buildings on Reinforced Concrete Raft— Messes. Cory and Son, Ltd., the well- 
known coal factors, have recently carried out a well-devised scheme for the provision of 
dwellings for the class of unskilled labour employed at thdr coal derridks and barge 
wwks at Charlton. 

The site, of three acres, is situated in the Charlton marshes, with a frontage to 
Anchpr and Hope Lane, TTie eighty-two dwellings are axtmgjeA in, two-ftaor seM- 
contained fiats, with separate entrances, grouped around secluded and ^ted quad¬ 
rangles planted with trees. 

The aoownmodation of each fiat consists of four, five, and six rootna, leaded 
to meet the means and family requirements of the varying classes of labour employed 
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in the coal industry. The nature of the foundation, which was a mud shoot 
several feet deep on a peat bottom, necessitated special precaution and a 6-in. rein¬ 
forced -concrete raft laid over the entire site of the buildings. The absence of 
back-additions enabled the weght to be distributed evenly over the raft, and although 
some of the buildings have been completed over two years no sign of structural failure 
has appeared .—Building News. 

TRADE NOTICES. 

Corpormtlott of Pontefrtct; New Bathe la Reinforced Concrete. —Mr. A. 

Nunweek, of Sheffield, the architect whose design was accepted in open oompeAltion for 
the above, has decided to construct the baths, subways, floors, etc., in “ Piketty 
Concrote.”' The contract is being executed by Messrs. James Fidler, Ltd., of Sheffield, 
who are licensed contractors of Messrs. Paul Piketty and Co., Reinforced Concrete 
Engineers, 14, Bloomsbury Street, Ixindon, W.C. 

Harwich : New Landtag Stage la Reinforced Concrete.— The Corporation 
of Harwich has decided to construct the new landing s.tage (length 250 ft.) in reinforced 
concrete, and has adopted the plans of Messrs. Paul Piketty and Co., Reinforced 
Concrete Engineers, London. 

The work will be carried out forthwith by Mr. T. W. Pedrette (licensed contractor 
for the “ Piketty System ”), of Enfi«*ld, N., whose tender has been accepted. 


BBITISH IMPBOVED CONSTBUCTION CO. 

Tcicphona: 4067 Vieterik. LTD. Telegrams: "Biconerete, Vic. London." 

« B I C ” 

47 VICTORIA STREET, WESTMINSTER, S.W. 


Manufacturers of all kinds of 

Concrete Constructional Materials 

(Plain or Mnforced) 

Including PIPES. PARTITION AND PAVING 
SLABS, SLEEPERS, STANDARDS & POWER 
TRANSMISSION POLES, HOLLOW BEAMS 
AND FLOORS, FENCING POSTS, etc., etc, 
the weU-faovni “JACCER” PROCESS. 
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View of Goods Station during Construction. (For description see page 375,> 
South Lambeth Goops DefSt. 
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The Piles are constructed and driven in position. No delay in casting Pile beforehand. 
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Volume VIII. No. 6. London, June, 1913. 

EDITORIAL NOTES. 


THE CONCRETE INSTITUTE. 
annual general meeting. 

The Annual General Meeting of the Concrete Institute t(x>k place on-May 22nd, 
when the report for the session 1912-13 was presented by the Council This 
Report shows an increasing activity in the Institute’s work during that period, 
and it certainly indicates the wide scope of its usefulness, if full advantage is 
tactfully taken of the great technical talent to be found among the membership. 
This we do not think has been the case during the last few years, otherwise 
there would not have been so many resignations from its Council, and, what is 
more, the retirement of just those members who would be among the nwst 
valuable and experienced available. 

Last year the Council lost a number of most useful men, and this year we 
find that men like Mr. Bertram Blount, F.I.C., and Mr. C. H. Colson, 
M.Inst.C.E., of the Admiralty, are giving up their seats. When men of this 
character retire it is always a sign that the Council meetings do not 
really interest them, or are l<x>ked upon as a waste of time. An uninteresting 
Council meeting is practically a sure indication of one devoted too largely to 
administrative routine as distinct from technical advancement, and, maybe, 
this is the case when we read of the Institute again changing its rules, re¬ 
arranging its objects, and classifying the membership when there is so much 
useful and technical work to be achieved. Surely these continuous changes 
are not necessary. * 

But it is very obvious from the report that the real work of the Council is 
actually done by the Standing Committees, comprising partly members of 
Council and partly members co-opted from the general membership. 

It is a healthy sign to observe the extensive work done by these cewn- 
mittees, and the comprehensive character of the problems still under considera¬ 
tion. It seems to us that it is the Committees rather than the Council that 
are upholding the dignity and advancing the interests of the Concrete Institute. 
Particular congratulations should be accorded to the Science Standing Com¬ 
mittee, which is certainly doing most admirable work. 

As to the recent tendency to make the Concrete Institute what might be 
termed an “Institution of Structural Engineers,“• the idea being to give 
" Concrete “ per se a subordinate place, we note that no very great advance¬ 
ment has fortunately been made in this line of thought. The Institute must 
obviously deal with much that relates to structural' engineering, but if it is 
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to hold its own it should be the Concrete Institute and nothing else, and sf 
»oK^alled engineers are reaHy desirous of having their own little society, there 
is ample opportunity for some active genius to form such a body without 
entrenching on the greater and more influential body whose interests are 
directly concerned with that vast subject covered by the title of “ Concrete ”— 
a subject, by the bye, which is rapidly becoming quite as great as the subject 
of iron and steel, dealt with by the Iron and Steel Institute, an association also 
connected with the subject of structural engineering. 

It is pleasing to observe that the membership is increasing, and with the 
honorary ^embers the figure of i,ooo has been reached. But quantity alone 
does not make an influential' membership, and thus the Institute would be 
very well advised to be more careful than it has been in the last two years 
in the acceptance of candidates applying for enrolment. 

Financially the Institute has done remarkably well, and congratulations 
should be specially accorded in this direction to the President, Mr. E. P. 
Wells, who, by careful economy, has kept the expenditure within the Institute’s 
resources. Being essentially technical, rather than humane in its objects, the 
Institute cannot rightly have claim either to tlie enthusiasm or the charily 
of those benevolently inclined to help Science and Humanity. To do really 
good work the present intxjine of £.1,000 requires increasing to ;^2,ooo, and 
whether eventually it will not be wise boldly to take the grave step of even 
increasing the subscription for existing members is a matter which certainly 
claims consideration. 

Speaking generally, therefore, excepting for a certain loss of the Council’s 
prestige of late, the Concrete Institute has made g'ood progress, and, given 
greater energy, there is no reason why the impending year should not be more 
successful than the year that has past. 

THE LOCAL GOVERNMENT BOARD AND REINFORCED CONCRETE. 

An interesting feature in the Annual Report of the Concrete Institute is 
(he reproduction of the letter from the I>x:al Government Boiird to the 
Concrete In.stitule. on the matter of the Repayment of Loans in respect of 
Works of Reinforced Concrete Construction. 

This letter, dated April i4rh, 1913, is printed below, and we reserve our 
observation for a future occasion:— 

I am difiect'ed by the Ijocal Government Board to advert to your letter of the 
28th ultimo, wkh reference to the period allowed for the repayment of loans 
saitotioned by them to local authorities for the construction of works of r'Cinforced 
concrete, and I am to state that the Board have fixed no single period. Each 
case is dealt with on its merits, having regard to the purpose of the work and 
its position. Generally sj>eaking, however, the following terms are taken as a 
bai»s in calculating the periods to be allowed in respect of the more common 
tea^ms of ferro-concrete bonsitruction :— 

Bridges with flat sdper-structure properly protected by a layer of asphalte 
ot other suitable reservoirs and tanks containing liquid—10 years. 

^ched bridges protected f«wi moisture by a layer of asphalte or other suitable 
shifts; tubes—years. 

^ ntostly to dead loads and properly protected from 

o years. 





One of the mosf Interesting aprlicdflons of the use of relnforcea concrete in structural 
•work IS its extensive and Increasing use for rallvay ^-work of every description, and the 
foUovilna article on the South Lambeth Goods Depot contains many coints of special 
interest.-ED. 


TwFsh large premises have been erected for the Great Western Railway Com¬ 
pany in South Lambeth on a portion of the site formerly utilised by the Vauxhall 
•rfnd Southwark Waterworks Company for filter-beds from the designs of 
Mr. W. Armstrong, M.Inst.C.E., the engineer for new’ works to the Great 
Western Railway. 

The premises include a large goods station and warehouse, office buildings 
tind stables, together with numerous sidings find tracks for the trallic and also 
storage purposes, the whole sclteme providing splendid facilities for the collec¬ 
tion and delivery of goods in 

South London. Direct com- c -__ _ r\ 

mumcation is afforded with ^ ^ ^ 

the Great Western Railway 35—1 

system viA Battersea and [ p l In I I 

Acton, and connection is also ■_I_ M % M _IBI M |/ 

given to the various railway H H n ^ 

systems passing through Clap- C C CT 3 D 3 

structional features are to be LX— 1 ^—u- 

found in the buildings, par- 

ticularly in the goods station i ^®— - »— -™ t 

and warehouse portion, the 
material used being reinforced 
concrete designed on the 
Hennebique system by Messrs. ^ S,* 

L. G. Mouchel and Partners, Fin. l. Typical Column Detail, 

of Westminster, the minimum 

number of supports being used in the ground floor to avoid obstruction in the 
loading and unloading of the goods. This main building is about 400 ft. long 
by 72 ft wide, and it has a total height of 86 ft. from the foundation level to 
the top of the parapet. 

The accommodation provides a basement for storage purposes; a ground 
floor, which has a height of 36 ft. 4 in. from the level of the railway lines to the 
first floor level, and three upper floors for the storage of goods, the topmost one 
being constructed over portions of the building only in the form erf three bays, 
B 375 


Fin. 1. Typical Column Detail. 
South Lambeth Goods Depot. 
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each 72 ft. by 53 ft., thus 
allowing for a future ex¬ 
tension if required. -The 
flat roofs have also been 
constructed of sufficient 
strength to carry goods 
that may be placed upon 
them, and the storage 
area is therefore very ex¬ 
tensive. 

The building is con¬ 
structed as a reinforced 
concrete frame building, 
all the weight-carrying 
members being of this 
^ material, and the ex- 

J ternal walls themselves, 

, . 

.•o which are of brickwork, 
I are carried by reinforced 
h concrete beams. The 
I <g basement floor is about 
S Q 2 ft. 6 in. above the 
I g underground water level, 
o and the underside of the 
S * column bases is 4 ft. be- 
S i low the basement floor 
-H « level, or i ft. 6 in. below 
•| g the water level. The 

S O 

^ « basement floor is sur- 
g rounded by reinforced 
concrete retaining walls, 
^ which are protected with 
^ clay puddle to prevent 
the percolation of water, 
these walls having a 
height of about 13 ft. or 
15 ft., and being con¬ 
structed 5 in. thick, well 
reinforced in all direc¬ 
tions and stiffened with 
counterforts 12 in. 
square at intervals. 

The foundation to 
the wall consists of a 
projecting toe 8 in-, thick 
and 3 ft. in width, with 
bars in both upper and 
lower surfsres. A hori- 
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zontal beam is formed at the top of the wall to carry the ends of the beams 
supporting the platforms, and this is about i8 in. square. The foundations to 
the columns w'ere generally of two sizes—viz., about 12 ft. to 14 ft. square for 
the main columns, which extended through the ground floor to carry the main 
loads of the building, and about 6 ft. by 2 ft. 6 in. for the remaining columns, 
which occurred for the height of the basement floor only. 

The type of base adopted consisted of a slab having a minimum thickness of 
7 in. to II in. splayed up towards the column to give a maximum thickness at 
the intersection of from 21 in. to 44 in. to provide the requisite shearing area. 
The reinforcement consisted of two sets of rods, each set having baft in bolli 
directions, and these were connected to each other and the mass of concrete in 
the base by numerous stirrups, with additional distrjbution bars at the bottom 
of the vertical reinforcement to the column. The whole of the bases were 
designed to give a uniform pressure per square foot on the soil to prevent the 
pos.sibility of unequal settlement. 

• The arrangement of the columns is interesting, as will be seen from the 
half plan of the ground floor construction (viewed from below), which is 
illustrated in 2. The smaller columns shown are those which occur on the 
basement floor only, and these are spaced in three longitudinal rows in the 
interior at distances apart equal to 13 ft. 3 in., while there are only two rows of 
main columns, and these are spaced at 26 ft. 6 in. centres. The width between 
these latter columns is about 58 ft., and they carry the whole of the super¬ 
structure, thus bringing a large load upon each one. The section employed is 
2 ft. 9 in. by 2 ft. 6 in. at the basement lev'el and there are no less than 36 bars 
used as the vertical reinforcement for each column, these being arranged in four 
groups of nine bars situated at the corners, and connected by steel links in all 
directions, as shown in Fig. i. These columns are reduced to 2 ft. 9 in. 
by 2 ft. 3 in. at the ground floor level, with a further reduction to 16 in. sq. 
on the first floor, and they are protected with steel sheathing attached to 
angle steels at the corners to prevent damage when knocked by heavy gootls. 
The smaller (xflumns in the basement are 14 in. square in section and reinforced 
by 4 lines of vertical reinforcement, with steel links at intervals. The spacing 
of the beams at the ground floor level is shown on the plan mentioned previously 
and these consist of main and secondary beams. 

7 'he tracks between the platforms are carried by secondary beams, 
four being placed under the rails, and these are about i ft. 7 in. 
deep and 7 in. wide, and all four beams are connected to and 
carried by main beams which are i ft. ii in. deep, 9 in. wide, and span 
between the columns at 13 ft. 3 in. centres. The slabs filling in the panels 
are 5 in. thick, and this is included in the depth of the beams ns given; while 
haunches 12 in. deep and 2 ft. long are provided on the main beams at the 
junction with the columns. The distance between the platforms is 32 ft. 7J in. 
and these have widths of 16 ft, and 25 ft. respectively, the former having a pro¬ 
jection of ’2 ft. beyond the line of the main columns and the latter having 
a projection of 12 feet. 

Apart from the variations necessitated by staircases and weighing machines, 
etc., these platforms are carried by beams at the inner edge, beams between the 
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columns and the beams at the top of the retaining wall on the outer edgf, 
together with smaller transverse beams supported on these spaced at 4 ft. 5 in. 
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qpntres* The platforms are all 4 in. thick, and the outer edges of the 
platforms on the roadway side are protected by heavy cast-iron curbs. A view 
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showing the basement floor during construction is illustrated in Fig. 5, where 
the main and secondary teams, together with the metal sheathing to the 
columns, can be clearly seen. The. work to the platforms, etc., can also be 
seen in the photograph taken during construction and illustrated in Fig. 4. 

The floors alxjve the ground flo-or are constructed to carry an external load 
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liqe of tftese columns at the southern end. These beams are certainly some of the 
longest constructed in reinforced concrete, the total Jength being about 72 ft., 
and their great advant.'ige will be apparent, as there are five rows of columns 
on the upper floors, two of which are carried by cantilever projections, one 
continued up from the line of the main columns and two supported by the central 
span of the beam. It would have been inconvenient and inadvisable to continue 
all these columns throug*i the ground floor, and by the method adopted the 
columns were reduced to two lines only. The beams are arched and have a 
depth at the centre of 7 ft., and 8 ft. 9 in. at the junction with the columns, 
inclusive of the thickness of the floor slab, and the width is 2 ft. In order to 
reduce the dead weight and improve the interior appearance of the station the 
thickness of the web is reduced to form four panels, each 9 in. thick with 
stiffeners 2 ft. wide between same. The beam thcre/ore becomes practically a 
flanged section, the tension flange, which is arched, being 2 ft. by i ft. 6 in., 
and the compres.sion flange 2 ft. by i ft. 9 in. A drawing of this beam is 
illustrated in Fig. 9, and it will be seen that the reinforcement consisted of no 
less than eighteen bars in the compression area and twenty bars in the tension 
area, with numerous links for connecting the bars and stirrups for resisting the 
shear. Some of the shuttering with the reinforcement in position is shown in 
the photographic view illustrated in Fig. 5; but it was impossible to obtain a 
view showing the whole of the steelwork in position owing to the obstruction 
of the woodwork. 

Longitudinal beams 9 ft. 3 in. deep and i ft. 8 in. wide are also 
constructed between the main columns and at the outer end of the canti¬ 
levered po'rtions, thus tying the whole construction together and forming a 
rigid structure. These beams also have the webs reduced in thickness to 10 in. 
U) lessen the dead weight to be carried. This building is quite unique and gives 
an excellent idea of the possibilities of reinforced concrete, the whole of the 
upper part being carried on the few main columns and projecting beyond these 
on either side, giving a curious effect, as w’iJl be seen in the section illustrated 
in Fig. 7. A gtmcral view of the structure when practically finished is .shown 
in Fig. 8, and some idea of the length can be gathered from this. 

The western end of the station is filled in with galvanised iron carried by 
steel framing, with the necessary opening for the pas.sage of the trains. At 
the south side of the building the van roads and railway tracks are covered 
by steel-framed roofing, 48 ft. wide, for protection against the weather, and 
the steelw’ork is connected to the reinforced concrete work with Lewis and rag 
bolts, and in some cases reinforced concrete wall plates are utilised to carry the 
ends of the trusses. In addition to the goods station herein described, rein¬ 
forced concrete was employed for the columns, floors and staircases throughout 
the office building, which is about 83 ft. long by 41 ft. wide, and consists of 
basement, ground, first and second floors, and also in the stable building, 
which is designed with an L-shaped plan, the main portion of which is 136 ft. 
long and 28 ft. wide, and the secondary portion 54 ft. long by 28 ft. wide. The 
flatter .has a special covered sloping way for .the traffic of Wses to the. upper 
floor, which is designed to carry an external load of ij.cwt. per sq. ft. This 
sloping way Is supported on reinforced concrete columns spaced at 13 fL 3 in. 
centres, and the floor and roof beams and slabs are constructed with similar 
material. 3 ®* 
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The whole scheme a most complete one, and adequate equipment is 
provided, in the station for the hauling of trucks and hoisting of goods, the 
cranes being carried in some cases by brackets which project from the main 
columns, and two movable bridges are provided for the transfer of goods from 
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CONCRETE PRACTICE STANDING COMMITTEE OF THE 

CONCRETE INSTITUTE. 

• 

We present herevtlih the truo following reports recently issued by the Concrete Institute 
on the very important questions of ” Cracks in Concrete " and the Surface Treatment 
of Concrete," An interesting discussion followed, of which we are onlv able to give the 
barest outline, but, as mentioned in the report of that discussion, we earnestly hope the 
Sub-Committee responsible for these reports will take heed of the various criticisms ana 
• suggestions thrown out, for excellen t as the reports are in many ways, they require consider¬ 

able amendment and elucidation before they are finally approved by the Council,—ED. 

In June, 1909, the Reinforced Concrete Practice Standing Committee of the Concrete 
Institute issued letters of inquiry to all the members of the Institute in order to obtain 
information concerning Cracks in Concrete and the Surface Treatment of Concrete. In 
reply to these inquiries some fifty-four letters were received regarding the Cracking of 
Concrete and forty-six letters regarding the Surface Treatment of Concrete. 

. The Reinforced Concrete Practice Standing Committee have now issued two 
reports setting out a review of the subject, together with recommendations. These 
reports were read at the Institute’s thirty-sixth ordinary general meeting, followed by 
a short discussion. They read as follows :— 

REPORT ON CRACKS IN CONCRETE. 

The crficking of concrete is unsightly, but is not necessarily dangerous. Cracks in 
concrete ma)' be divided into two classes :— 

1. Surface cracking. 

2. Body cracking. 

In the first category the cracks are often referred to as “ hair ” cracks, by reason of 
their fineness and semblance to hairs, and occur both in plain and reinforced concrete. 
'ITiey are also known as “ crazing ” and are of very frequent occurrence. They appear 
to arise from the surface skin of cement mortar being richer in cement than the mortar 
of the body concrete, thus exposing almost a neat cement skin, which expands at a 
different rate on exposure to the sun’s rays than the body concrete. It is worse upon 
the uppermost face in a mould, where the lighter and weaker particles of cement work 
up to the top and form a skin known as “ laitance.” If work be kept under water, 
and sometimes, if shielded from the sun, this crazing may not occur. To overcome its 
unsightliness the surface skin should be removed either (i) by brushing the concrete 
when green with wire brushes; (2) by rubbing by means of a stone or piece of concrete 
and sand and water; (3) by dressing with hand or pneumatic operated chisels and 
hammers; (4) by brushing the surface with hydrochloric acid and subsequent washing 
with clean water. The last two named methods are best with completely hardened 
concrete. 

The cracks extending through the' body of concrete may be^ ascribed to the 
following:— 

1. Faulty design and construction so far as statical resistance ts concerned. 

2. Expanfflon of cement or concrete. 

3. CoiTOMon of embedded steel. ^ _ 

4. Shrinkage frrnn setting hnd hardening, in air. 

5.. Differ^ice of temperature in tfifierent parts. 
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1. Under the first head the following causes have been noted . 

(a) Settlement of the foundations. 

(b) Too high a stress in the reinforcement, resulting in excessive deformation. 

(c) Too thick a covering of concrete, in particular where the effective depth of 

beams is very small. 

(d) Too early removal of forms. The age of the concrete when the forms are 

removed must be sufficient to give the usual factor of safety due to the 
stresses caused by dead load and such accidental lotid as may at that time 
be anticipated. Generally the follbwing recommendations are made, 
subject to the approval of the engineer or architect responsible for the 
works. 

For mass concrete walls not subject to thrust, and where the height does not 

* exceed 2 ft., the forms should not be removed under 24 hours. Where the 
wall is subjected to pressure, forms should remain in place at leash a week, 
although a fortnight is preferable. For mass concrete arches of more than 
20 ft. span one month is r<*cotnmended. 

For reinforced concrete the following is recommended :■— 

Slabs, a minimum of 7 days, but otherwise, for slabs carrying only their 
own weight, an allowance of 2 days per inch of thickness, or i day per foot of 
span, whichever is the greater. For sides of beams, walls, and columns not 
under side-thrust a minimum of 4 day.s; bottoms of beams, a minimum of 
2 weeks, though a month to 6 weeks may be necessary under special 
circumstances; for arches the time of removal of the cenU'ring is better left 
to the judgment of the engineer, kw'ping 1n view the ratio of rise to span 
and special circumstances. 

If it is intended that the structure should be used for carrying he.'ivy 
weights, emergency props should be left in for such time as the engineer 
or architect may diix'ct. 

The foregoing periods to be increased by at least the time during w'hich frost 
or rain has intervened. 

(e) Defective design of forms with inadequate allowance for contraction and 

expansion due to variation of moisture. Dry timb<T may expand and 
crack the concrete unless wetted beforehand. 

(/) Careless rentoval of forms, which may result in cracking the concrete by 
shock of falling timbt^r, or by levering and prising on the green concrete. 

(g) Vibration, resulting in deficient adhesion and excessive deflection. Forms 

should be very rigid. 

(h) Insufficient allowanot*. for continuity, fixity, and general monolithic nature 

of concrete work done in siiu. Over supports the maximum degree of 
continuity and fixity should be provided for. Frequently cracks will be 
found over supports of continuous reinforced concrete beams and floor 
slabs, owing to the omission or insufficiency of steel there. Concrete floors 
are often built in chases in w'alls and carried over walls, others standing 
above, and sufficient fixity is given to cause cracks, if provision has not been 
made in the reinforcing. Columns and piers when built monolithic with 
beams will give more or less fixity to end of beams resting thereon, both 
at end and intermediate supports. 

(i) Too close spacing of steel, so that there, is no room for the concrete to get 

round and adhere or bond with the bars. 

2. Expansion of cement or ccxicrete. 

Under this heading the following causes of cracking are noted:— 

(a) Overtimed and coarsely ground cements which were frequently met with 
years ago caused expansiem, to overcome which it was necessary to leave 
room for ^pansion— i.e., expansion joints. Especially was this precaution 
adapted r^^nd the edgea of floor slabs adjoining walls. 

Coarse matmaittjfdt^taining sulphur compounds, unburnt fuel, oxidisable or 
. . hy<bratiELble iron impounds, unslaked lime, and other deleterious substances. 

; ' ! and slag fheqpently contain sulphur and metallic iron or 

wWle bpjlerlis^ may contain both sulphur and unslak^ 
d<^iVed from >!limestone in the coal). Some bricks contain 
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% sulphides and sulphates and lime, and should not be used broken for 

concrete. Old bricks also sometimes have qjd plaster adhering to them; 

^ the sulphate of lime may cause no trouble in plain concrete while it is kept 

dry, but in the presence of water reacts chemically with the aluminates of 
the Portland cement, forming sulpho-aluminate of lime, which is attended 
by increase in volume, and may cause blowing if in large quantity, and 
even a small quantity may result in cracking. Free lime in the same way 
will swell or coy tract with water. Hlack magnetic oxide of iron will become 
converted into hydroxide of iron in the presence of moisture. Indeed, any 
iron compounds are dangerous in reinforced concr<‘te as likely to react 
electrolytically with the steel in the preseinc<> t>f moist air or dampness, and 
sulphur causes speedy corrosion. 

3. C'orrosion of embedded steel. * 

Shoflld the steel in reinforced concrete corrode by retison of ])orosity of the concrete 

or the presence of dek'terious substances in the coarse niiiterials of which it is made, or 
by electrolytic action, the concrete cover to the bars will prack and burst off. 

4. Shrinkage from setting and hardening in air. 

'i'his is probably the most frequent cause of cracking. 

Concrete will ('xpand slightly in water and contract on drying out, so that cracking 
ig freqiwntly not evidenced from this cause until the concrete is allowed to dry, varying 
usually up to two months, and in thick mass w'alls moisture and heat are retained for 
a long period and may delay cracking up to six months and even longer. It is usual 
to kix'p concrete wet for s<'veral days after manufacture in order to ensure its gaining 
maximum hardness, and it is s[)€cially important to jirevont rapid drying by sun and 
w'ind, so that the surface of concrete should be shielded against such exposure. A dry 
mixture of concrete shrinks less than a wet mixture, and concretes richer in cement 
contract more than lean mixtures. For reinforced concrete work medium wet mixtures 
are desirable, and therefore concrete richer in cement than 1 to 5 is not advisable for 
curtain walls. 'ITie cm'fficient of contraction of concrete on exposure to air app<?ars to 
be about 0-0002 to 0-0005 at one month, and increases to about 0-0004 to o-ooo6 at 
years. 'ITie variation recorded is betwiM-n poor and rich concretes. Such contraction is 
usually prevented from taking place uniformly throughout; in retaining w-alls and 
pavings it is preventwl by friction of the soil, in other cases by the holding of other 
parts. Plain concrete will usually hold together for some distance, so that contraction 
joints nee<i only be inserted at intervals; the following are advised as suitable distances 
apart of such joints in plain concrete :— 

Paving, 4 to 5 ft. 

Curtain w-alls, 10 ft. 

Exposed retaining w-alls, 15 to 20 ft. 

Basement retaining wfills (not exposed) and dock walls or dams, 50 ft. 

If curtain, walls adjoin heavy columns and beams, the rigidity of the latter would 
probably result in cracking if constructed monolithically, even if reinforced. It is best, 
therefore, in such cases to provide joints adjoining beams and columns. 

If concrete be laid over the joints of a thicker lower surface of concrete, the joints of 
the latter will most i>robably be evidenced in the upper surface. 

Sharp angles in structural members have little resistance, and should be avoided, 
as also irregular shapes. The angles of window openings, unless well rounded, should 
be roinforoed by bars placed diagonally. 

As the rate of shrinkage varies with different proportions of the concrete ingredients 
—cement, sand, coarse material, and water—variation in such proportions should be 
avoided as much as possible. Cracks in plastering are often due to such irregular 
contraction. 

Partition and wall blocks, if required to be plastered soon after laying, should be 
quite dry before laying. If erected wet, the plaster should not be applied until they have 
had good time to shrink, otherwise the joints of the blocks will show as cracks in the, 
plaster. 

Li-ge surfaces have been successfully constructed without apparent cracks by 
properly reinfcMcing the concrete and laying gll at one operation. The abject of tlj«* 
reinforcement is to break down the tensile resistance of the concrete and cause it to 
crack uniformly at such close distances as to render the cracks invisible to the eye. 

c 2 3^85 
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If one portion of the concrete be left overnight, great care should be taken to roughfen 
the hardened surface by tooling away; then clean by brushing with water, and apply 
half an inch of mortar of the same proportion as the mortar in the concrete and, ram 
the fresh concrete well against it. Such joints will often show, even though well 
reinforced. In calculating the amount of reinforcement for such purpose, the ultimate 
tensile strength of the concrete at one month should be equated to the resistance of 
the steel at the yield point. Usually for a i : 2 : 4 concrete i per cent, of steel is required 
each way, the bars or mesbwork being laid at right angles*^ The reinforcement should 
be in small sections and well disseminated through tte thickness of concrete, and a 
layer of bars should be near each face. So-called “ distribution bars ” near the bottom 
of floor slabs are not sufficient if cracking is to be resisted; rods should also be placed 
near the upper surface. Cracks frequently occur parallel to rods where " distribution 
bars ” are’not used, and also occur at right angles to main bars where continuity bars 
stop; top reinforcement would avoid this. Contraction reinforcement should be in 
addition to the section of steel required to resist static forces. 

The sudden drying out when heating apparatus is installed frequently causes 
excessive cracking. 

5. Difierence of temperature in different parts. 

Considerable difference of temperature will cause cracking and should be avoided 
as much as possible. Heavy reinforcement is not always an effectual preventativf. 
Most reinforced concrete chimneys in which the internal temperature is over 500° F. 
seem to be cracked vertically, externally, and often horizontally as well, though 
possibly the latter could be avoided. This cracking is probably due to the difference in 
temperature between the outside and the inside, which may be considerable with a cold 
wind blowing. A continuous lining with cavity between it and the outer shell would 
probably prevent serious cracking. 

Great difference in the temperature between the underside and top of concr<*te 
floors is also likely to cause serious cracking. In some climates the variation in 
temperature is extreme and cracks will result, and even if reinforcement is provided 
it will be well to insert expansion and contniction joints every 50 ft. 

Concrete lining, and walls of ponds, tanks and the like exposed to water do not 
shrink by setting and hardening of the concrete, but change of temperature between 
summer and winter will cause cracks unless joints are provided. If plain concrete, 
a joint every 15 ft. is desirable; if reinforced, joints might be 50 ft. apart, though 
closer is preferable. To prevent percolation, asphalt dowels in the joints have proved 
efficient. 


REPORT ON SURFACE TREATMENT OF CONCRETE. 

(SammarT of Ropllea Received.) 

t. Roughncasting is the best finishing coat for exterior finish. In applying a 
ctMTient rough-cast, however, a bonding material should be used to insure adhesion to 
the old concrete. For floors, stairs, walls, and internal finish generally, tiles and 
granite finish may be employed; there, also, the use of a bonding material is advocated. 

2. Blue stone dust trowelled to a glass face before the cement is set is advocated 
for facing the concrete, without any rendering. For rendering mortar composed of 
X part of sand to i part of pure Portland cement is advocated with trowelled finish. 

3. In surfacing the concrete without rendering it is advised that the surface of the 
mass concrete should be beaten down level and smoothed with a wooden or metal float 
just as it is beginning to set according as to whether a dead or bright surface is desired. 
It should never be faced, as is often done, by the application of a thin skin of a finer 
material, which, when applied if the mass has partly or wholly set, nearly always 
comes off. Micaceous, clayey, silty, or ochreous sand or gravel should be avoided, 
particularly micaceous pand, the mica in which, if the concrete be much worked, rises 
to the surface ami Cais^ constant dusting. If a floor is to be faced with a finer or 
ricb^ iclass of omcrete, then use that used for the body. The best results are obtained 

and at tl|e same time, the facing portion being laid on the top 
it has jet Hftd bang wdl beaten down into it. Exposed concrete faces should 
dt polished Wah a metal tool, as the resulting dense smooth 
which are unsightly. In moulded work the face 
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nixt to the mould may be made of finer material if the concrete is mixed very dry and 
tire facing material be made soft and the dry concrete, Before ramming, be held back 
with, a shovel placed between it and the mould; the subsequent ramming will cause this 
lace to unite with the body. If a facing material is not used, the concrete should be 
mixed plastic and worked up and dow'n and to and fro with a shovel, trowel, or rod all 
along the faces which are to be exposed, and particularly along the arrises. Concrete 
for such work requires to be properly proportioned so as to be without voids. On 
removal of the forms any roughness may be removed by rubbing with a piece of 
sandstone and watef, or the face may be rubbed with a mixture of sand and cement 
by means of a wooden float, but this latter is not recommended if oil or soap has been 
used on the moulds, as the thin skin frequently fails to adhere and weathers off. If 
rendering is employed, Portland cement or clean gritty sand or fine gravel ^ the best; 
the cement should be so proportioned as to rather more than fill the voids in the 
aggregate. It is not desirable to render with neat cement, as hair cracks generally 
ensue. The surface to which the rendering is applied should be as rough as possible, 
quite clean and free from grease, mud, or dust, and, if necessary, it should be washed 
with a hard-bristled brush. If at all of a porous character, the surface should be 
saturated with water before the rendering is applied. Portland cement rentk'ring should 
never he applied to surfaces of materials containing sulphates; in one case a floor 
made of plast<T rubbish and hydraulic lime was covered with an inch of excellent 
I’ortland cement rendering which parted from the flcx)r wherever patches of plaster had 
come to the surface of the body. In another case rendering was applied over a rough 
coat of plaster-of-Paris, and all came off in large sheets. For colouring concrete or 
rend<'ring care is necessary in selecting colours; Vemdian red and Indian red should 
never be used, as they are always in practice heavily loaded with calcium sulphate, 
which often causes the cement to disintegrate. Red hsematite, some red ochres, and 
many other of the iron ores, particularly if burnt, are safe and suitable. Red haematite 
has a very powerful effect, very little being needed. Yellow ochres are suitable and 
safe, and have consicfcrable colouring poww. IJurnt umber is safe, and gives a nice 
warm colour. A satisfactory colour has not been found in blue or green; copper 
arsenide gives a fair green, but it is not desirable. ITltramarine is unsafe. Hlack 
oxide of m.'ingane.se is probably best, but it is not possible to get a clear black. Ground 
hard-burnt coke may b<* used, but it is not so good. Ground coal or lamp black is 
quite inadmissible, except in the case of some of the anthracite coals. A clean white is 
not obtainable, but a near approach may be made by using slaked white lime; the lime 
carbonates on the surface and forms a permanent, almost white, colour. A cream 
colour which looks very well may be obtained by using slaked lime with a little yellow 
ochre- chalk and whiting do not give very satisfactory results. In all cases but that in 
whicl) slaked lime is used, the colour in sufficient quantity to give the desired tint should 
be mixed (fireferably ground) with the dry cement. Hand mixing is not satisfactory. 
In the case of slaked white lime, this should lx? freshly made, but perfectly slaked, and 
should be mixed with the cement and aggregate at the time of using. By blending 
the colours named, all usual building material shades of red, brown, buff, and grey may 
be obtained, and they are all permanent and safe. 

4. A facing mixture, usually two parts of sand to one of cement, put in the mould 
against the face of the form with the concrete behind it, has been found satisfactory. 
For colouring such a facing ochres have been found satisfactory, especially if used in 
exces.s; they have apparently little effect on the durability, and with a white cement 
a little colour goes a long way. Greys of all shades can be obtained by admixture of 
lamp black. All the colours seem to fade until the work is matured, but afterwards 
stand perfectly well. The ultimate colour can always be found by experiment. 

5. A good sound skin can be obtained by specially tamping the concrete against 
the shuttering^ All seams or joints between successive lifts require special attention : 
(a) to break the old hard surface of the previous lift; (b) to make a good bond or bed 
of wet mortar between the old layer and the new into which bed the new concrete can 
settleand (c) to ensure the rigidity of the shuttering across the joint so as to prevent 
movement and consequent “ lipping.” If the surface be pitted with small air-holes, a 
mixture of fine sharp sand and cement prt^orlioned 2 : i should be applied with a lar^ 
brush and immediately rubbed into the surface with steel trowels or floats. The 
rubbing should be done with energy and continued until the holes are completely 
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tilled and all superfluous plaster rubbed off, leaving the old skin exposed. In this ■ttfuy 
the holes or pores will be cofiipletely filled and the skin watertight, and disintegration 
under the influence of frost prevented, while at the same time it is not noticeable after 
the work becomes hard. The principal item of cost other than labour is the number 
of steel trowels used up. The final surface, it should, be particularly noted, is not a 
plastered skin. 

6. If rendering be used,'it should be proportioned 2 of sand or very fine aggregate 
to I of cement; in no case should neat cement be used.' 'fhe rendering should be 
applied to the mass of concrete as soon as the shuttering has been removed and before 
the surface has become hard set or carbonated by exposure to the atmosphere. Facing 
the concrete without rendering is advisable. For colouring, the following materials 
may be u»5d; ijeroxide of iron, manganese dioxide, ultramarine, anhydrous chromium 
oxide, red ochre, yellow ochre, Chinese red, and crimson lake. 

7. The most satisfactory way of facing concrete in situ without rendering is to 
apply a plaster in the form of cement mortar again.st the shuttering, as the concrete 
is put in, keeping the plaster a little higher than the concrete and carefully working 
the latter into the mortar all in one operation. For rendering 1 : i sand and cement 
mortar has been found .salisfactorj'. Rendering undoubUxlly gives a bt^lter appearance*, 
but it very often fails, mostly through frost. Good colour effects have been produced 
by a sort of stucco, stones being placed' by hand in the soft rendering, but such work', 
to be durable, has to be performed slowly, and is, therefore, costly. The ordinary 
method, called “slapdash,” is not considered durable. 

8. It is preferable not to render at all, but to work the concrete against the 
moulds; for very superior work stout iron moulds, highly polished and jxTfectly true, 
are advocated. P'or colouring, metallic colours such as red oxide are preferred to such 
substances as red ochre. 


9. The use of shell sand makes a pretty finish, but this cannot be obtained every- 
w'here; in Jamaica the sea beach is strewn with broken shell which looks like sand at 
first sight. For appearance coarst* sand is preferable. Buildings tooled all over have a 
good appearance. The finish might be obtained by pneumatic chiselling or even 
carborundum wheels. The application of a face of ^ in. of 2 : i mortar the same time as 
the bulk of the concrete is put in behind is advcKiated. For rendering 2 : 1 mortar with 
about 5 i>er cent, of clay in the sand is satisfactory'. Rendering should be applied as 
soon as the moulds can be, removed. In the case of bridge work, where the concrete is 
set before the laggings can be removed, the concrete should be kept wet for an hour or 
so before rendering. 

Black lead applied to the face of the concrete immediately it is in position will 
render the concrete w'hen set practically indistinguishable from blue Staffordshire bricks. 

10. Rough-cast may be advantageously used, tinted or otherwise. 

11. For residential or street architecture cement finish is best, and can be varied 
almost to any extent by polished finish, wood float finish, coarse or fine sand, white 
sand, red .sand, yellow* sand; further there is the .scagliola finish, but it is, of cours<*, 
very expensive; fhe cement can also be tinted a brick red and jointed, and a brick 
finish obtained. Two to one of sand and Portland cement is best for rendering. The 
cement should be plastered in the ordinary way but with greater pressure than for 
ordinary plaster, indeed, the more pressure the better. The best form of colouring 
should be coloured sand. 


12. For rendering 3 : i Portland cement mortar finished with a facing coat of 2 : 1 
has been employed. 

13. A good effect is obtained by removing the mould as soon as it is safe to do so 

and brushing vigorously to expose the aggregate, which may be the same throughout 
the body of the concrete or i^ecial aggregate in the facing only. Good effects are also 
^tained by using; stone dust with the sand for rendering buildings. Render in coats 
.about i in. thksh:« then The following coats should be put on as soon as 

ooat.has gtkje off.^ ^ ^ 

the surfaiiieB’bf the concrete before it is set to remove the cement skin 

Without Wntlffing a creamy liquid mixture made of i part of 
'Sharp river sand has been squirted on the 
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surface Airough a rose nozzle and applied in two coats, the second coat being put on six 
hours after the first.^ A rendering of a plastic mixture of*i part of Pwtland cement to 
4 a part of clean white river sand pulverized and reduced to a consistency of dust with 
lime-water has been applied with a trowel. The surface of the concrete work should be 
thoroughly wetted with lime-water and picked for at least three hours before either the 
squirting process or rendering process is employed. Stucco plastering work, resembling 
marble, may 1^ laid in three coats, the colour being obtained by mixing g5'psum to 
lime and certain metallic chides. Blue is obtained by oxides or carbonate of copper. 
Grey is obtained by mixing forge ashes; litharge, yellow oxide of lead, green enamel, 
etc., are also used to colour it. A polished surface has been obtained by rubbing the 
surface with a fine smoothing stone, washing it now and again, and rubbing with a 
linen dip[>ed in Triiwli powder and chalk, then with oil and Tripoli powder, lastly oil 
alone. • 

16. A good surface may be obtained by working with a spack^ perforated with holes 
up and down against the shuttering. 

17. Belore applying rendering, the walls require to bejiacked and well wetted. To 
avoid cracking, the rendering should Ih» kqjt damp and protected from the sun and 
wind for about sev<‘n days after execution. A pleasing appearance can be had by 
dashing on the rendering white or straw-coloun'd sand compost'd of sea-shells; white 
wment and white sand also give an excellent finish. A pleasing and ]X'rmanent tint 
can bf^ obtained by a wash of quick-lime coloured with common sulphate of iron or 
copperas, which gives a light cream to a warm reddish yellow finish. 

18. 'fhe concrete should be made mtxlerately wet, and well rammed and sliced with 
long trowels or swords to drive out the air-bubbles and to prevent any voids on the 
surface. W’here a watertight face is desired—for example, in rest'rvoirs or dock work— 
the shuttering should be coaU-d with 1 : i cement mortar, about ^ in. thick, immediately 
before the concrete is deposited and the concrete forced into this mortar. Fillets could 
be arranged on the shuttering in convenient positions to avoid showing breaks in the 
concrete dejxvsited at different times— i.c., to give a jointed apj>eara.nce. 

iq. To face the conen'te, the surfiice iM'fore it has become too hard should be 
rubbed with ^in old piect^ of the same material to remove form marks and general lines, 
and a wash of Portland cement then applied with a lime-wash brush. A mixture of 
red oxide to cement rendering has been found to retard s<'tting and to tend to destroy 
adhesion. 

20. A good surface may bt*^ obtained by building at the same time as the body of the 
concrete a facing of,sand and cement, or, Ix^tler still, ground Portland cement, or 
ground sandstone and cement proportioned 4:1. The boarding should be removed at the 
earliest possible moment, and the surface well brushed with a strong wire brush. In 
time the surface will resemble P')rtland stone. 

ii. For renditn-ing 3 parts of washed sand to i of cement have l)een employed 
mixed with long clean ox-hair. It should be applied in two coats and the surface left 
from a wooden float. 

22. A rendering of 2 parts of granite gravel 2 in. to 1 in. gauge to i of cement is 
satisfactory, but is better applied before the body of the concrete has set, 

23. Rendering may be proportioned i : i to i : 4, but usually it is about 1:2. 

24. Forms or .shuttering may be coated with a lime-wash made of pure lime, 
slaked with boiling water and applied when hot. Before application a large cupful of 
lin.seed-oil or tallow should be added to each {Miilful of hot lime; this assists in closing 
the pores of the wood and prevents the adhesion of concrete, 

25. In executing concrete wthout rendering, if the boards are planed and covered 
with thick oil paper the surface is good enough for whitewashing. The best rendering 
is cement and sand outside and putty and plaster inside. 

26. Rubbing down with sand and water while the concrete is still green is 

advocated. If rendering be employed, Thames sand washed and screened through a 
A-in, mesh to 2 parts of Portland cement is a good mixture.^ ... . . 

27. Granitic finish is obtained by 2 parts of granite chippmgs, i in, gauge with a 
proportion of granite dust, to i of Portland cement. For vertical rendering mortar 
screeds are employed, but for horizontal granitic facings wood screeik are generally^ 
employed. Aberdeen or other coloured chippiBgs give a pleasing effect fw flows. 

28 For country buildings rough-cast or pebble dash of cement and sand, With a 
small proportion of run lime therein, about an inch thick, after stabbing a straightened 
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coat of cement and sand with a piece of wood having short' nails fixed thereii^n, 
projecting about i in. and i in. apart, the walls whitened or coloured after, is advocated. 
The cement protects the concrete from drifting rains. Several other processes have- been 
tried with indifferent success. Pieces of wood 4 to 5 in. wide and i in. thick fixed to 
the concrete to represent half-timber work, and cemented between to form panels for 
a lodge very much exposed to drifting rains was easy to do and answered its purposes 
—but a sham. Cement and slag from iron ore, crushed and passed through 4 -in. sieve 
instead of ordinary sand, proved very successful for rendering. The surface was much 
harder and the colour more a dark grey, and was preferred to the ordinary cement 
colour. 

29. Rendering is objected to. When appearances have to be studied, a 44-in. brick 
wall is bi^lt and filled at the back with concrete, a heading course to bind in being 
built occasionally; by this method expense of shuttering is saved, the concrete being 
placed after three or four courses of bricks are built. 

30. By using waste quartz and mica sand and gravel from china clay preparations 
if the moulds be quickly removed, and the surface washed with scrubbing-brushes and 
water, it will have the appearance of white granite. 

31. A good appearance can be obtained 'by removing the moulds quickly and 
brushing with a wire brush and water; if the concrete has become hard, some dilute 
hydrochloric acid must be used to remove the cement. If a smooth surface is preferred, 
the moulds can bt‘. removed after the concrete has been deposited, and the surface 
rubbed over with a wooden float to remove inequalities, after which a thin grout of sand 
and cement of the same proportions as the mortar in the concrete can be applied with 
a cork float. 

32. For inside a thin skimming coat of 3 parts of sand and i part of lime putty, 
and with 25 per cent, of Portland cement added, has been found satisfactory; for 
external rendering i of cement and 3 of sand is advised. 


In the discussion which followed, some interesting points were raised, which we 
trust will have the careful consideration of the Committee dealing with these questions. 
In the course of bis criticism of the two reports, Mr. Alban N. Scott made, reference to 
the constant use of the word “ crazing,” which in the first report evidently meant a 
form of crack, and in the second report was used probably in its more true sense, 
namely, meaning “ flaking off.” fie also disagreed with the suggestion that concrete 
should be fairly liquid and the advocacy of bringing the finer particles to the face of 
the concrete. He showed that according to the first report this latter recommendation 
caused ” crazing ” and cracking, and, moreover, he pointed out that it is robbing the 
concrete, which is actually carrying the weights, of its proper proportion of cement. 
He further discussed the question of dates for the removal of the centering and moulds. 
He thought it quite wrong to remove the moulds quickly, in order to obtain a good 
appearance, as this practically amounted to sacrificing strength and durability to effect. 
He questioned the dressing of the concrete with hand or pneumatic oi>erated chiseKs 
and hammer. He also made suggestions regarding the removal of forms for walls 
and arches, sides of beams, etc. He pointed out the ambiguous use of the expressions 
“ moist air ” and “ dampness ” in connection with steel, and suggested it should be 
clearly defined what was meant by them. Finally, he spoke at some length on the 
question of expansion joints as dealt with in the reports. 

Dealing with the report bn the Surface Treatment of Concrete, Mr. Percival M. 
Fraser said he sympathised with the views of a previous speaker, and had hoped more 


would be said about surface treatment, which means treating the surface after it is 
there, whereas the Report apparently aimed at putting a surface on, which is not in 
accord with its title.' Nothing is said about weather-proofing the surface. Some recom¬ 
mendations as to how io avoid honeycombing would have been invaluable, as it is a 
" very common fault, OWiIy is. passing reference is made to this in the report. The 
fhiethott of (gaining ,a goo^ surface by working up and down the shuttering with a 
the application of d mixture of sand and cement to the in^de of the moulds were 
■’ittrpa0^.!<Hpci|Bd. I, . 

!! (me metjlHm of |||btainijii|g a nice-looking surface to concrete is not mentioned in the 



DISCUSSION. 



i^cn-t at all, viz., the application of a good coat of distemper, which should be put 
on immediately the centering is struck and a further coaft should be applied just before 
leayjng the work. It has an extraordinary effect in filling up pores, and any tint can 
be used. Some buildings have recently been put up in Jamaica and the surface treated 
in this manner and they looked delightful. No reference is made to the safety of 
painting concrete, which is an obvious method for tinishsng off the surface. 

Another speaker said he had been rather hoping that the reports had made some 
mention of the various patents for rendering the surface of concrete waterproof. 

A suggestion as to waterproofing was put forward by Mr. Henry J. Harding, who 
advocated a really good blue lias lime, thoroughly burned and more thoroughly selected, 
perfectly divided and mixed in its dry state with Portland cement in a certain 
proportion—viz., i : 3 or i : 4 in its hydrated state, which is about 2^ times n:y>re than in 
its caustic state, with 3 or 4 of cement. 

Thd same speaker gave details of some interesting experiments he had made with 
graded granite chippings. 

It was stated by the President that if concrete is prf)perly proportioned and made, 
it is absolutely impervious to water, and where it is found not to be waterproof it is 
badly proportioned and badly made with an insufficiency of cement. He also related in 
some detail his exjXTrienccs about the striking of the shuttering, and pointed out 
there were cases where the shuttering had been struck on structures 130 ft. high in 34 
hours without detrimental r<‘sults; on the other hand it is doubtless often advisable to 
lefive it up as long as possible in the case of certain walls. At this point Mr. Alban 
Scott interposed, and said that even if such be the case, in a report of this kind,—which 
is probably to be issued to people who are not so conversant with tlie question,—some 
cautioning clause should be inserted. 

The various criticisms put forward were replied to at length by Mr. Workman, 
who assured those present that all the suggestions made would receive careful 
consideration. 
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THE 

REINFORCED 
CONCRETE 

BRIDGE OVER THE MOLDAU, NEAR THE ISLAND 
OF STVANICE, WITH SOME HISTORICAL NOTES 
ON THE OLDER BRIDGES OF PRAGUE. 


By F. MENCL, 

Engineer-in-Chief, PragueiMuniDipal Commission of Public Ways. 

{Tranalaied). 

« An Important bridge has recently been erected in Prague, the form of construction being 
Reinforced Concrete, and, as much difficulty -was encountered In the work, the following 
particulars of the new bridge, with some historical notes of Prague's older bridges, may not 
come amiss, —ED. _ 

Historical. 


There are many bridges in Prague which are of considerable interest. As far 
back as 1169-71 a bridge was erected in stone 514 m. long. This was one of 
the first large arched bridges of the Middle Ages. This bridge had but a short 
existence, for it was washed away and demolished by a flwd in 1342, but of its 
twenty-six arches three have been preserved in the cellars of the houses on the 
bank of the river. 


*357 King Charles IV. ordered that a new bridge be constructed, and 
this now bears his name. This bridge consists of sixteen arches, and it, too, 
suffered several times through floods, as its foundations lacked depth, but it 
has always been kept in repair. On the last occasion on which it was restored, 
after the flood of 1890, the repairs cost nearly 2,500,000 francs. (For illustration 
see page 401.) 

The three Gothic towers which are to be found at cither end of the bridge, 
and the double row of statues of the “ Baroque ” period which decorate its 
parapets, form some of the most remarkable monuments of Prague. 

Until the nineteenth century the Charles IV. bridge was the principal bridge 
in Prague. It was not until 1846-50 that Negrelli, a Swiss engineer, executed 
the double-way viaduct, of 1,100 m. in length, which connects the State railway 
station to Holesovicc. 


In 1868 the suspension bridge, called “ Ordish-Lefivre, ” was erected with 
two lateral spans of 50 m. and a central one of 150 m. This was reconstructed 
in 1897, and the primitive chains were replaced by cables. 

The Palat^y bridjge, oC Stone construction (named after the Czech politician 
ii^iftikorian), was lerecifjed jo* 1876*78. Its seven arches are from 27 m. to 
' ! Be^titiftiI;i (by Myslbek) decorate its approaches. 

itP 18^1900 replaced a suspension bridge, 
maximum width of 4a m. ; it is 340 m. long and 
th^tidn was 'Spmewhere about 4,160,000 francs, 
of the Alma bri<^e in Paris. 









REINFORCED CONCRETE BRIDGE, 

\ The railway, bridge near Vysabrad did not improve the district with its 
three bowstring girders of 72 m., and this type of laridge is not worthy of an 
ancilent capital. 

The bridge named after the poet Svatopluk Cech was constructed in 
1905-S. It has metal arches with rigid spandrils of 48 m., 53 m., and 59 m. 
in width. 

But sufficient of history, as it is principally the new reinforced concrete 
bridge near the island of Stvanice which is under review here. 
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Detail of Pier of Bridfte over the River. 

Reinforckd Concretk Briuge over the Moldau, Prague. 

The New Relatorced Concrete Bridge over the Moidau, Prague. 

For a long time a certain amount of prejudice existed in the large cities 
against reinforced concrete bridges. Where such bridges were built the con¬ 
crete facades were carefully covered with freestone, as, for example, in the case 
of the new bridges of Munich and Dresden. Therefore the decision to construct 
a bridge entirely in concrete in an ancient capital must be looked upon as a new 
departure. 

It must be admitted that the work did not proceed without overcoming 
some obstacles. Owing to prejudice, one half of this bridge was constructed 

I 
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Detail of Arch Centering of Bridge over the River. 

Ri iNFORCEO Concrete Bridge over the Moloau, Prague. 

with metallic arches in 1908-9 (two spans of 46 m.), in spite of the fact that a 
concrete arch design had been prepared. But the new bridge over the large 
arm of the Moidau, with its facades made to imitate stone, its balustrades, 
mast?, plastic decoration, and sculpture, was builtn^entirely in concrete. 

This bridge is divided into two secti^s; the one traversing the fiver at a* 
height about i2‘50 m. at low-water mark, and cornprising three targe arches 
of 39 and 36 m. span, with an inclination of 69®.; the other section, over the 
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SaCEETE 


The large arches are of concrete without reinforcement, as thel'e w^e 
vai^ious prejudices against*reinforced concrete, and at Dresden and Munich— 
towns not far from Prague—large concrete bridges had already been erected 
without reinforcement. Such bridges very closely resemble stone bridges, and 
these always inspire confidence among the general public. (A, new one at 

Prague, 
near Troja, 
for w hi c h 
the design 
has also 
bee,n pre¬ 
pared, is to 
have a cen¬ 
tral arch, of 
55 n'-. of 

r e i n f oreed 
0 

concrete rib 
cons iruc- 
tion, which 
must be 
considered a 
d e c i d edly 
p r ogressive 
step.) 

The 
links of the 
big arches 
consist o f 
lead plates 
of lo mm. 
t h i c k n esS, 
which are 
2 00 mm. 
wide at the 
keystone 
and 240 mm. 
wide at the 
a b utments; 
these are in¬ 
serted be¬ 
tween blocks 
of granite^ 

sils 75 ,clh. at the crown, go cut. over the abut- 
The netriral axis <rf the arches coincides 


be€n a^gested by did Amidonniers 
lioij of the work, and a new 





View o( portion of completed Bridge. 

Reinforced Concrete Bridge over the Moldac, Pragc^e. 
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preceding ones and those still to be carried out. (At the -present mdmenVa 
four-arch bridge is being'built of 38 and 42 m. span.) They broaden con¬ 
siderably towards the abutments, so that the loads are not concentrated locally. 

The available widfh between the inner faces of the parapets is i6‘2o mm., 
the roadway being 10 m., with two pavements of 3’10 m. o 

As the arches only have a width of iS'go m., the parapets are carried in 
cantilever. * 

The main spans have been executed in three zones of 6 m. and m. 
width, in contact, but distinct. There was a twofold reason for this. The 
arches aw very oblique, and this simplified the work. It was, as a matter of 
fact, possible to concrete one zone of each arch in four or five days, and thereforte 

a zone only consists of six 

'" tu!LLi I I' l l i lil-L ’ i irr i -i 1 1 n 1 1 iTj: large voussoirs. If, on 

' the'other hand, the arch 

had been carried out in 
one single zone 
i5'90 m., it would have 
been necessary to have a 
large nurtiber of narrow 
voussoirs. 

The piers have a 
width of 4 m. at the abut- 
'* ments and are i : 8 con¬ 

crete, faced with dressed 
granite back and front, 
with small ashlars on the 
sides. 

— The left and right 

foundations are rcspcc- 
J, tively 1070 m. and 9 m. 

^ wide, but the concrete is 

_ fairly poor — namely, 

I : 12. 

-1 

The small arches 

V 

over the Stvanice Island 
are somewhat irregular. 

Detail of Arch over the River. _ , ,_• 

Rbimfobcsd CoNcaatE BaiDOK ovea TH* Moloao, PaAGOK. Ine abutments are on 

a line sloping at t; 215, and the piers are not parallel, as the angle of inclina¬ 
tion itiot^ases fro^ 69® to The opening downstream, is therefore 45 cm. 
lar^r llhnn It would ijave been simpler to widen No. 4 pier down- 

adopted: makes the bridge lighter, -and has gone to 
^mks* of this form of construction being 
Woitirji.-teve .been very difificnlt if earned out in 

and 'upper .surface of the small arches 
'apart. The thickness at the 
6. and 7)^‘a^ .the'abutment, 


built, d^^pden pUcs., • 





Detail of Arch over the River. 

RstMFOKCBD CONCEEtB BeIDGE OVBE THE MoLOAU. PEAGUE. 
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^OTgniBcng^ REINFORCED CONCRETE BRIDOB. 

** Plain filling lias been used over the arches betvoeen the facing walls. 

, The bridge carries a water main of 380 mm., a gas main of 410 mm., and 
electric cables. 

The ma^ts carrying the electric lights and trolley wires of the tramway 
are also in concrete. 

We consider that il is a progressive step that the bridge has not been 
covered with stone, but that the entire facade should be covered with a layer 
of finely crushed marble-concrete about 6 cm. in depth. This layer is not 
smooth, but has a roughened surface to imitate stone. The lower Surface of 
the archies has been squared and finished by means of simple wood moulds. 

The foundatioas for the piers were started in April, 1910, and the work was 
carried on in such a manner that it was possible hx October, 1910, to construct 

the four 
arches over 
the island. 

They 
were rammed 
o n October 
loth, 15th, 
2ist, and 
26th respec¬ 
tively. _ The 
c c n t e ring 
was removed 
on Decem¬ 
ber 9th, and 
the deflec¬ 
tion was 
about 
0'4 mm. 

The 
columns for 
the large 
arches were 
completed in 

May, 1911. The centering presented a certain amount of difficulty—^firstly,- 
on account of the navigation, as it had been ordered that an opening oi >4 m, 
sheuld be left. Further, the bed of the river consisted layers of ISlurian 
rocks, and it was necessary to fix the piles to old rails ei^bedded in the rock. 
The centerings had sixteen main struts. „ 

The arches were commenced oh June ai^t, and were suchesslveljf, rahimed 
on July i§th and August and and iand. , * 

£!fu;h arch was divided iiito &j»:tiQns, the ramaathg hf vifsis jihirle#, 

out by. commencing with the part .nearest the erphrn,! 

The foncreting of a;ach section waV< 50 ttil^M''‘oh'i|^ 

V^ork the centering dropped 44, 50, and 58 ' 


", ''Xyyy.y. ' y'y ' 



Detail Section through Roadway of Bridge. 
Rxinforcbd Concrbte Bkidob over the Moldav. Pkaoux. 
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According to the desigp, the surface of the granite blocks in contact with 
the lead sheets was to be polished, but it has been left fairly rough. As too 
much deflection was feared, it was decided to compress these hinges be'fore 
concreting by means of hydraulic presses. The pressure applied was 30 tons 
(about 30 per cent, of the definite maximum pressure). ” 

The lead hinges are placed 2 cm. out of centre^at the crown; they are 
below the middle line and above it at the abutments. 

In each system of links there is friction displacing the resultant from the 
centre; in^this manner it is possible to destroy in part the influence of friction. 

Steel links, 30 mm. in diameter, were employed at the grooving joints to 
act as anchors (twelve links to each arch). Where an arch is on the skew, it is 
always preferable to place anchors, especially in this case, where the arch is 
hinged and on the skew, and has no continuous axis of rotation, and thus tends 
to separate at the zones. 

To prevent dampness, two layers of felt asphalt have been placed on the 
upper surface of the arches, with a thin intermediary layer of lead (o'l mm. 
thick). 

On September 25th, igii, the removal of the centering was commenced, 
with the aid of a Zuffer apparatus. The deflection was from i to 4 mm. in the 
extreme arches and 6 to 10 mm, in the three zones of the centre arch. 

The cement used acquired a resistance of 505 to 617 kg. per sq. cm. at the 
end of twenty-eight days. The i : 4 granite concrete attained a resistance of 
606 kg. per sq. cm. for cubes of 20 cm. side. 

The bridge was tested from February 3rd to 6th, 1912. (During these 
days the thermometer fell to 16° C.) The centnd arch of 39 m. and a small arch 
over the island were tested. Two street rollers of 19 and 16 tons respectively 
were used in conjunction with eight 13-ton wagons. The rest of the load 
was made up with bricks (500 kg. per sq. m.). The main arch showed a deflec¬ 
tion of I mm. with one-half the load, and i'5 mm. under the total load of 
337 tons. The small arch deflected 07 mm. 

The total construction contains 12,350 cu, m. of masonry :— 


>1 


Concrete . to>57o cu. m. 

Quarrystone (rough) . 970 

Dressed Stone (granite) . 540 

Quarrystone (dressed) . 180 

Brickwork . 90 

The carved stonework is only 4 per cent, of the total cubic measurements. 
The ctHicfohg was mixed, as follows:— 

Founda^n^ '12 

i8 
;6 

V 4 ':' 





4,050 cu. m. 
3,000 „ 

750 » 

2,030 „ 

" 74<J. » 


The lead for -the joints 


.^ E:out at a t<^l charge of francs: 
toWK'i'as ’tfce other bridges fa Prague 
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v^ich are of stone or metal have cost from 750 tto 850 francs per sq. m., 
whqreas the one here described works out at 350 francs per sq. m. 

It should be added that the bridge has a pleasing appearance (especially 
compared w^th the steel arch bridges), and the foremost of the young Czech 
sculptors are at work on its decoration, which is not yet finished. 

The bridge was designed by the writer at the offices of the Prague Municipal 
Commission of Public Ways. The architecture is the work of Mr. P. Janak, 
and the contractor was Mr. K. Herzan. 
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By A. T. WALMISLEY. M.Inst.C.E. 

^Engineer io the Dover Harbour Board.) r 

In vtev> of the Important position Dover holds, from * geographical point of viem, the 
folfoviing aritcie dealing with the viidening of the Dover Pier mav claim attention, —ED. 


The stratigrnphical posilion of Dover has probably been more studied in the 
past than its strategical position. Its geographical position with regard to 
the Continent gives it premier importance for international communication. 

As early as the end of the third century Dover was acknowledged to have 
been a place of note, but the commencement of the history of Dover as a 
harbour of refuge is claimed by the fifteenth century. Soon after King 
Henry VJI.’s accession he assisted John Cl.irk, Master of the Maison Dieu, to 
add to the natural headland a wall of chalk filled in with earth, and to build 
at its extremity a tower, with the addition of m<x»ring rings, and such was 
the satisfaction given by John Clark’s wall that the haven providing shelter 
from prevailing south-west winds received the name of “ Little Paradise.” 
The wall was strengthened and secured by the natural deposit of shingle from 
the west, and was intact when King Henry VIII. cjime to the throne in 1509. 
Later on an extension of the wall became necessary in consequence of the 
accumulation of shingle closing the entrance of the harbour—a trouble repeatedly 
.experienced during many generations until the Admiralty Pier was constructed 
In the latter half of the nineteenth century. King Henry VIII. spent a large sum 


on work designed to prevent the beach collecting at the harbour mouth and 
stopping the pas'sage of vessels. With this object he brought by water-carriage 
blocks of stone and chalk, which were sunk to fgrm a foundation, the intention 
bein^ to build a mole, or pier, seawards; but prior to its completion other 
demands on his revenues compelled him to abandon this undertaking. The 
urifimshed work rei|iams to this day, and is locally known as the mole rocks, 
situated i^ar the i^^sent north pier to the inner harbour. 

" " ' " ■ ‘ lor the bendSt of Dover Harbour. 

owned by subjoitsof the Crown, 
oir ditoharglhg within the realm, 
a toll was, ievi^. 

raging question in Dover was 
granted a new Charter, which 
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stated in substance as follows :—The important Port of Dover had gone to 
decay and was deemed unsafe for ships. It recited that, as Royal patrons, 
Kings Henry VII., Henry VIII., Edward VI., and Queens Mary and Elizabeth 
had expends! large sums of money upon this port, and that King James I. was 
also determined to expend money in order to preserve it. A Lord Warden and 
ten assistants were appointed by the King, with power to fill up vacancies on 
the board as they occurred, for the government of the whole property of the 
harbour, with the care of land, houses, buildings, cranes and wharves; and 
under their Charter, with some additional Parliamentary powers, tRe harbour 
was governed till i86i. 

In i6io passing tolls expired by efflux of time, after which Dover Harbour 
had to depend upon tolls, dues and rents until r662, when passing tolls were 
renewed and extended during the reign of Queen Anne (1702-1714). 

The date of the seal of the present Dover Harbour Board is 1646. 

• In 1769 John Smeaton, the eminent engineer, reported upon Dover harbour, 
but from lack of funds nothing was immediately done. 

The “'Public Advertiser” dated April 13th, 1792 (published at Ivy Lane, 
Paternoster Row, London), contains a quotation from an evening paper dated 
March 19th, describing Dover Harbour as being “ naturally one of the best in 
the kingdom,” but points out that the entrance is too shallow and that the bar 
then existing should be removed. 

A line of sailing lx»ats between Dover and Ostend was then crossing, 
weather permitting, twice a week. 

In 1844 a Royal Commission reported on the area, outline and materials 
recommended for an artificial harbour at Dover, together with comments on the 
position and desirable width of entrance to an enclosed area of 520 acres to 
form a harbwir of refuge; and in 1846 a further report recommended the 
prescribed area of 520 acres to be considered a minimum requirement for the 
harbour of refuge at Dover, also that an eastern and western entrance be 
provided so as to permit a free tidal current through the harbour, with a 
southern breakwater placed as nearly as possible in the direction of the flood 
tide, and in a depth of seven fathoms at low water level. 

Prior to the commencement of the Admiralty Pier in 1847 the harbour was 
frequently inaccessible owing to the bar formed near the entrance, when vessels 
had to lie off in the bay. It is of interest to note that while the concrete blocks 
used upon the Admiralty Pier as originally constructed were three to seven tons 
in weight, the blocks in the Admiralty Harbour as now constructed weigh 
42 tons as used in the foundations. 

In 1861, when the London Chatham and Dover Railway was opened, we 
find the final abolition of passing tolls, and the control of Dover Harbour is 
transferred from the Warden and assistants, as constituted by King James I., 
to a Harbour Board consisting of the Lord Warden of the Cinque Ports, two 
bqrgesses of Dover chosen by the Town Council, one representative each of the 
Admii'alty, of the Board of Trade, and of both the Sputh Eastern Ratify 
.Company and of the London Chatham #md Dover Railway Company* 
Lontion Chathaim and Dover Railw-ay Company took up the Mail Servi^; . 
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Captain Morgan was the first Marine Superintendent under the Londo'h 
Chatham and Dover Railway Company. He was thirty-five and a half year^ in 
this office, and was succeeded by Captain Di.xon, the present Marine Superin¬ 
tendent at Dover and Folkestone. 

Among various forms of passenger steamships we find the Bessemer steam¬ 
ship, which was an independent venture. The Castalm also was extra to the 
Mail service, but its speed was insufficient. The original Calais-Douvres* 
boiler and funnels soon wore out, and its speed was only 13’2 knots. The 
Invicta, v^th double rudder, could not conveniently turn in Calais Harbour. 
Several other vessels of the paddle or ordinary twin-screw type followed. 

In 1882 the Dover Harbour Board obtained an Act for works in connection 
with a deep water harbour, but the works were subsequently postponed pending 
the Government’s consideration of a national harbour. • 


Referring to tlie inner basinsof Dover Harbour, its existing extrance, 140 ft. 
between timber framed piers filled with rubble stone to high-water level, leads 
to a tidal harbour having an area of about 13^ acres, including the area of this* 
entrance passage. Situated in the inner harbour, the Granville Dock has an 
area of about 4J acres within the gates, and the entrance is 65 ft. wide, with 
21 ft. clearance over sill at high-water spring tides. The Wellington Dock has 
an area of 8J acres within the gates, and the entrance of 70 ft. wide, with 
15 ft. clearance over sill at high-water spring tides. 

In 1891, the Dover Harbour Board obtained Parliamentary jx>wers to levy 
a poll tax of IS. a head on passengers landing or embarking at Dover, in order 
to provide funds for an eastern pier, commencing near the Clock Tower, to 
form the eastern arm of a proposed deep-water harbour, and to provide shelter 
for a site for a Marine Station on land to be reclaimed from the sea to the east 
of the Admiralty Pier, also to abandon certain works for which powers had 
already been obtained. This policy became urgent, as there appeared at the 
time no certainty that the shelter of. a Government harbour would ever be pro¬ 
vided upon the south and east of i:)over bay, and under this Bill power waS 
obtained for the extension in an easterly direction for a distance of 580 ft. or 
thereabcHits, to form the western head of a commercial harbour, leaving an 
entrance of 450 ft. between the pier heads. 

In 1892 the Dover Harbour Board let a contract to Sir John Jackson for 
the Prince of Wales Pier works. The shoreward end of this pier, for 1,260 ft., 
is formed by an iron viaduct, to allow the tide to run through, with a clear 
headway of 15 ft. above high water, on the supposition that no outside sea- 
works would then be constructed. 


_ In 18^ the “Naval Works Act” included the building of the Admiralty 
Ha^our enclosing the Ilarbour Board’s eastern pier, and in 1898 the Dover 
Board a further Act, extending the area enclosed by the 

the fiait sides, and having an entrance of 480 ft., between 

Pier the head of a spur 
side of the Admiralty Pier extehsion. 
obtained an Act for converting the tidal har- 
P^'"«lWacbed bjr a deep-water lock, and other 
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kmperor at Potsdam, of a deputation of the Hgrbour Board, the Emperor 
expressed the opinion that Dover Harbour would become a convenient port of 
call for the German Atlantic liners. 


In 1904 the first passenger train traversed the Prince of Wales Pier and 
its approach railway on January 27th, and in the same year the landing stage 
upon the eastern side the Prince of Wales Pier was subsequently used for 
the accommothtion of Atlantic liners to call at Dover, railway communication 
being established by the Dover Harbour l^oard between this landing stage and 
the S.E. and C. Railway main line at Dover Harbour Station., The s.s. 
Deutsfhland, Hamburg-American Line, made her first call at the Prince of 
Wales Pier on July 22nd, 1904. 

In 1906 an Act of Parliament was obtained under which the Dover Harbour 
Board were cmpoitered to 


render the Admiralty Pier 
, (which was originally con¬ 
structed only as a break¬ 
water) suitable for the em¬ 
barkation and disembarka¬ 
tion of railway passengers. 
By the powers conferred in 
this Act certain works pre¬ 
viously authorised were 
abandoned, and agreements 
made between the Harbour 
Board and the Commis¬ 
sioners for executing the 
office of the Lord High 
Admiral of the United King¬ 
dom of Great Britain and 
* Irejand, popularly known as 
“ The Admiralty,” also with 
the South Eastern and Chat¬ 
ham Railway Company, were 
confirmed. 

The turbine system, ap¬ 
plied by the Hon. Mr. Par¬ 
sons after having gained a 
fame on the River Clyde, 
was soon extended to the 
English Channel. The first 



vessel so constructed was the 
Queen, which was 310 ft. 


DOVER HAiSOtra aHOMHNQ RKCUUNAnOR 


long, and the latest vessel of this type on order is stated to be 34^ ft. long. 
The distinguishing feature of this system is the reduction of vibration ,to a 
minimum, while the manoeu\Ting powe^ is manifest to all travellers. . * 
The Prince of Wales Pier forms the boundary betwci^ the Admiralty ,Hnr» 
hour and the .Commercial Harbour, both within the Dock Yard of Dover, 

'' V'ifsi'':. 
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wh4le the cast side of this piy, which is about 3,910 ft. in length, is reserved to the 
Admiralty, the Dover Harbour Board have provided railway platforms on the 
west side for use when circumstances render it preferable to bring the mail 
train by the Prince of Wales Pier railway to this pier, instead upon the 
present Admiralty Pier. 

In 1909 the reclamation works east of the Admiraltiy Pier were commenced, 
designed to prox'ide iij acres attached to this pier as a site for a railway station 
and sidings, and leaving 64 acres at low-water level for the purposes of the 
outer con^ercial harbour. This reclamation up to coping level has been 
executed by the Harbour Board. The marine station will be erected by the 
railway company on the reclaimed site, and will provide ample accommodation 
for Ckintinental traffic. 

The modus opcrandi for the construction of the reclamation wall is as 
follows :—In the first instance a staging is built, formed of braced timber piers 
upon each side of and clear of the foundation site of the main wall. 
These staging piers are about 40 ft. apart and are built by aid 
of a cantilever pile driver, being subsequently connected by longitudinal girders, 
over which Goliath cranes travel. The same triple process has been adopted 
by Messrs. S. Pearson & Son, the contractors for the present recla¬ 
mation work, as was followed in the National Harbour construction. The 
range of spring tide is 18 ft. 9 in. and of neap tide 11 ft. The first operation is 
the removal of all soft material by large mechanical diggers or grabs, which 
are lowered either from the Goliath or by a floating crane. The grabs, which 
are open when louered, have their projecting teeth drawn together in the sea 
bed by chain arrangements so as to bring the excavated material above water 
and deposit it in barges for dispersal at sea. Next follows the service of a large 
diving bell suspended from the Goliath, which enables the surface for foundation 
to be accurately levelled, and finally concrete blocks made by machinery are set 
in position* by the helmet diver. 

The following description of electric travelling concrete mixer, designed by' 
the late Mr. A. H. Owles, and built by Messrs. Jessop & Appleby Bros., Ltd., 
Leicester, is of interest in its provision of a very efficient plant, referred to in 
Transport in the following terms:— 

‘ ‘ Before proceeding to describe the machines it may be well to direct atten¬ 
tion to tlie reasons which led Mr. Owles to devise this ingenious system. The 
'objects, to be attained were the perfect mixture of materials in correct propor¬ 
tions, which is essential, and the immediate delivery of the quite freshly made 
■ippnerete into the block moulds; also (from an economical point of view), to 
Jien'sure the work i»jihg performed rapidly and economically as regards cost of 
The importance of these conditions being unerringly fulfilled is evidently 
when Hw? consider the vast mass erf materials required for the making 

are.:n!OW almost universally anployed 
.. ''' ''"ffiihad'tloqJra.’*,' 

one cubic yard. Is of the well- 
ited strong Btei^*framed carriage, provided 
ravolv^ mixing ve^l, whilst the 
1'^ Carriage, ^ that the operations of 
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mixing and travelling can be performed simultaneojisly. The proper charges 
of materials are fed into the mixer from hoppers and the charging door closed; 
the machine is then travelled to and over the block mould, the mixing vessel being 
/neanwliile rotated by the motor provided for that purpose. The number of 
revolutions made are indicated by a dial within view of the attendiint, and when 
about fifteen re\'olulions gre registered—the number required to ensure cc«nplete 
mixture—the mixqr motor is stopped (the machine being then in position over 
the block mould), the mixed concrete discharged, and the machine returned for 
another charge. Brakes are supplied both to the mixer turning ^ear and 
to the traveller n’otion. 

Several other types of machines produce good concrete, but there can be no 
doubt that the plant now described leaves nothing to chance, every provision 
being made for the production of perfect concrete at a remarkably small cost 
for labour. 

The motors are of the slow-speed, enclosed, w'aterproof type required for 
the rough duty and exposure which is unavoidable in a bl(x:kyard. They start 
easily with’ considerable overload and are provided with efficient rheostats. 
I'hc motor for travelling the carriage combines an ingenious and reliable 
device for maintaining the gear in proper pitch. The travelling wheels are of 
steel and the axle bearings are fitted with springs. The motor for revolving 
the mixing ves.sel is at the opposite end of the carriage, the main driving w'heel 
Ijeing enclosed in the wiought-iron casing on the right. The pointer indicates 
on the dial the number of revolutions made by the mixing vessel, and is in view 
of the driver. 

These machines travel at about six miles per hour, and a strap brake, coo- 
trolled by the driver’s foot, prevents over-running. 

The mixer track is above the block moulds, and the gauge admits of the 
block being lifted vertically by any suitable crane, usually by a Goliath crane. 

The output is about 120 cu. yds. of concrete per day of ten hoflrs, each 
charge being mixed during the time occupied in travelling from the charging 
platform to the block n.ould. Thus, while the output does not much exceed that 
of a fixed mixing machine, no locomotive or other hauling appliance is required, 
there is large ssiving in time and labour, and the concrete is delivered quite 
fresh from the mixer. 

The reclamation wall, 2,260 ft. long, having to stand in an Isolated position 
until the filling at back was executed, was designed by Mr. A. T. Walmisley * 
to be constructed as a 50 per cent wall— i.e., the width of the base is half 
the height. The interior between the new wall and the old Admiralty Pier is 
filled with chalk, w'hich will cover 11J acres, upon which the new marine railway 
station is beiiig built, for which concrete piles upon the Considfere spiral reinftweed 
system are being prepared and driven. The spiralled concrete piles used at the 
inset landing are octagonal in section, formed of 3 to i Portland cement con¬ 
crete, reinforced with light vertical iron rods, bound with twisted wire iij spiral 
fashion and shoed with cast-iron points and wrought-incm straps, fonning a pte 
17 in. by 17 in. across, which was allowed to season for ten Wo^s 
driving. The length is 62 ft., and as a rule a set 61 3 ki. gave sati^ctitep, 
with a 43-cwt. ram falling 4 ft. 6 in., Some of the railway station 
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foundation piles are ys ft. Four berths will be 'provided along 
the new wall, consisting of two main berths for embarking and disem¬ 
barking passengers, one for coaling purposes, and one for emergency. There 
will also remain the service of a deep-water berth 780 ft. 3 in. dong, built of 
blue gum main piles and provided with two lower landing decks approached by 
steps. This is at present used for the Continental sePvice in connection with a 
temporary staiion accommodation during the progress of the Vorks. Cranes are 
provided for dealing with baggage, and every endeavour made to expedite 
transit hfetween water and land; but ports, like men, must be judged not by 
what they look like, but by what they do. Ow'ing mainly to the geographical 
position, the traffic between Dover and Calais will always remain predominant. 
The Channel passenger traffic returns for the week ending Saturday, May 10th, 
are as follows :—From Calais, 4,970; from Ositend, i,7.fr); to Calais, 4,069; to 
Ostend, 3,198; to New York, 14. In regard to the Belgian State Railways, 
it is officially reported that the number of passengers carried between Dover 
and Ostend during 1912 was an increase of 12,514 over the previous yeiir. 
This is said to be due to the fine turbine steamship service of the Belgian 
State Railway, which has made the sea passage from Dover to Ostend such a 
short and pleasant one, and has increased the popularity of this route 
among Continental travellers. When the new railway station and its appendices 
are completed there is no doubt a large increase of Continental traffic and con¬ 
nections for trsns-Atlanfic traffic w’ill be the result. The port of Dover possesses 
an advantage over both the port of Liverpool and the port of Southampton in 
being an open roadstead, and thus avoiding the time occupied in traversing the 
approach channel leading to either of these two ports; but Dover is at a dis¬ 
advantage in having no adequate space for quays, piers, docks, warehouses 
and sheds, except that reclaimed from the sea, and with the advent of Kent 
coal thi% must be provided. 

ITie contract for the New Marine Station is now being executed by The 
Butterley Iron and Steel Company, of Derbyshire, who built the St. Pancras 
Station for the Midland Railway. Messrs. S. Pearson and Son, Ltd., who built 
the Admiralty Harbour, Dover, were the contractors for the pier widening, and 
Mr, F. W. Duckham, M.InstC.E., was their agent. Mr. A. C. Hurtzig, 
M.Inst.C.E., was consulting engineer; Mr. H. Sadler, M.lnst.C.E., resident 
engineer, and Mr. A. C. Bonsor assistant resident engineer. 
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ON THE RESISTANCE OF BEAMS 
SUBJECTED TO FLEXURE. 

(I) SOLID RECTANGULAR BEAMS- 
SUPPORTED ENDS FREE {conlln 


tued^ I 


By ALFRED FYSON, M.IwtJC.E. 

The first alMcte by the Author on the above sublecl appeared in our May 
issue. -ED. 

, Theory of “Partial Bxclualon General Condltloea and Derlvatlan 

of the Equations. 

Some of the general conditions on which this method is based have already been 
given, and amongst them it is laid down that the value of the concrete in tension is to 
be neglected; in some cases it is also specified that there shall be no “ tension ” cracks 
in the concrete—a very proper stipulation, but whether it could be actually maintained 
if the permissible strain on the steel reinforcement were reached is a matter hardly open 
to doubt. 

In order to provide a definite base for these investigations, the particular and 
limiting conditions of stress and strain will be deduced from the Report of a Joint 
Committee on Reinforced Concrete to the Royal Institution of British Architects 
(year 1911). 

The only part of that report which is required here is that relating to beams and 
similar members, the main particulars for which appear to be as contained in Table I. 
herewith and as follows :—The concrete recommended is a 1:2:4 mixture; that is, 
one part of Portland cement, two parts of sand, and four parts of stone aggregates, no 
stone^for the latter being more than f in. in diameter. 

The limit of stress on the concrete given in the Table I. is on the supposition that 
the crushing strength of the material is not less than 1,800 lb. per sq. in. at twenty-eight 
days old, and not less than 2,400 lb. per sq. in. at ninety days old. In each case the 
tests for the crushing strength may be carried out on 4-in. cubes, the mixtiwe being 
permitted to be well punned into the moulds. Generally the allowable working stress 
on the 1:2:4 concrete may bq. taken at one-third of its crushing strength at twenty- 
eight days old, such stress to be deduced from the average result of the tests taken. 

The steel used for the reinforcement ought not to be nearer the surface of the 
concrete at any point than i in. in beams, and ^ in. in floor slabs and other thin 
structures. 

Table I—tu compiled from the RJ.B.A. Report. 

Lbs. pwtq. in. 

Maximum working stress on the concrete in compression (Fo).. 6Q0 

Maximum working stress on the reinforcement (mild steel) in tension {F$) 16,000 

Modnlas of elasticity of the conciete (£c) ... ..• . ... ... 1?.(X)0,000 

Modulus of elasticity of‘the sted reinforcement (£«) . ... 30,0^)6,001) 

I Formul® constructed on the basis of th# above-mentioned particulars aine, in tlhlfc 
case of beams and similar members, to be framed on the supposition that the , 
’ Btonal ” resistance of the beam is to be taken entirely hy the st^ rekiforoenlienif. 
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The equaticms required fw the “ partial exclusion ” theory can.be easily deduct 
from those already determined for the “ complete inclusion ” theory, as will now be 
shown' 

Let the diagram, Fig. 4, be constructed’generally similar to Fig. i, certain symbols 
being here altered to suit the altered conditions. o ‘ 



(Tension in Concrete Negeected. 


To find dff, which determines the position of the supposed neutral axis. 

hVom equation (7) the value of the forces in compression is found by making m = i, 
as the stress-strain curve is now supposed to be represented by an inclined straight 
line. 

Calling Ao the sum of the forces in compression and substituting do for Vo, 

Then = ' ( 17 ) 

2 

Kor internal static equilibrium the forces in compression and tension must balance. 
.\s the tension in the concrete is to be neglected, the reinforcement alone has to provide 
the necessary resistance. Let A', denote the value of the forces in tension, due to the 
extension of the steel reinforcement. 


Then' 

2 

From ( 9 ) by changing Am into A'm and Vo into do it is found that 


Ag’^tiMEg<rT ^—— 1 ^ 


(xxvi) 


(xxvii) 

(xxviii) 


Also whence (xxviii) 

Ft 

The first part of (xxviii) is due to the fact that the total resistance of the reinforce¬ 
ment is the product its sectional area a, and the permissible unit stress Ff 
Substituting hi (xxvii) the value of as in (xxviii), ^d for ffr its value given in ( 10 ) 
also changing £« into Eo, there results the following equation which must be solved 
for do. 




(xxix) 


Whence 




mce . (lb) 

■ i 1 tSolfe 

I • ' ' ’’ST’S' * 

^i;^^bot«in,^(]ti).ipt''|^^innnwicai in TableT. be snbstityted. 

^ expressed as to he in accord- 

R^xifL' 
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% To*jind Af|j, tHe moment of resistance at the section aa^, Fig. 4. 

lliis is the sum of moments of the internal forces in dbmpression and tension about 
the Supposed neutral axis Xt,OX, as determined by do. 

Thus Mr=Mo+Ms (191 

• In which M^is the moment of resistance due to the compression in the concrete, and • 
M's is that due to the resistance of the reinforcement in tension. 

In ( 13 ) change Mo into Mo, vo into d^ and make m = l. 

Then * Mo=-^ ( 20 ) 

For the moment of resistance M's of the steel reinforcement; in (x|iv) change 
Ms into Ml, As into Al and v into d. 

Thfen M's = A'sd (xxx) 

The value of Al is given in (xxvi), and as d is equal to D—do, 

Then . Ml=--^"'^"(^D-do) * ( 21 ) 

Collecting the terms on the right-hand sides of equations (20) and (21) and reducing, 

• Then = ( 22 ) 

D > (*0 f 

For the symbols in (22), let th^ir numerical equivalents in Table I. and equation 
(i8a) be substituted, 

Then Mii= 95 - 04 iJD“ ( 22 a) 

Equation (22A), which is a special form of (22), is so expressed as to be in accordance 
with the given numerical values exmtained in the R.I.B.A. Report, 

As the foregoing equations (17) to (22A) are derived from quasi-scientihe. particulars 
—one important element of the beam being entirely omitted—they can only be regarded 
as purely empirical, and at the best are only approximations more cw less applicable to 
some special case. They are, however, acc<?j)ted in a general sense in principle by 
many writers on the subject, and most of the work of actual construction is designed 
according to their results; and, although those results are not always in harmony with 
expectations, due respect must nevertheless be paid to methods—^in whatsoever manner 
they mc-iy be derived—which are apparently generally recognised as suitable for ordinary 
practical requirements. • 

, It is sometimes required to increase the strength of a beam without increasing its 
exterior dimensions, and this is effected by augmenting the sectional area of the rein¬ 
forcement beyond that given by equation (xxviii); it is not intended to consider here any 
details relating to such inwease of strength, but it may be mentioned that in general 
the actual increase will be found to be small ccMDpared with the considerable and 
sometimes large augmentation of metal required to effect it. 


PHatal Namericai Data for eomparlag tba two Tboortoa. 

For the direct comparison which is to be instituted between the two methods >ust 
examined and formulated algebraically, it is necessary to deter» 
mine various numerical data which will be required to serve 
as primal or initial quantities for such comparison. The 
computation of such data is effected by means- of the equations 
( 17 ) to (22a), and in accordance vdth the conditions of the 
“partial exclosion” theory, the provisions set forth in 
Table I. and those accompanying it. Lrft a boam of ifUiforced 
concrete be assumed, its seefimt ‘ bding of, soma defiidtd 
dimensidns, and let such sectloa bs maintained throu|^i|fc 
for purposes of the comparison. , ♦ 

Pig. 5 represents a section of the propose*^ beam, the dlibc^ona being. 
stated, and the rdnforcement consisting (ff a steel rod or bar, .’ 

■■',4 It' "/■ 
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The results oontaioed in the following Table !I. have been calculated in abdocdaiyie 
with the particulars given above, and they form the primal numerical data required for 
the comparison, 

TABl,B tl. 

PmrtU Bxctusloa " Theory—Tenaioa In Concrete Neglected. Vide Fig. 4. ^ 


Primal numerical data for comparative results:— 

Mr —^The Moment of Resistance of the section. 

do —The distance below the top of the beam to the 

plane of the Neutral Axis. 

Os —Tb^ sectional area of the steel reinforcement 
—The shortening of the concrete in compression on a 
length of one inch doe to F'o, i.e., 600 lbs. per sq. in. 
v '—The lengthening of the steel reinforcement in 
tension due to Fg, i.e,, 16,000 lbs. per sq. in. ... 


32,643 in. lbs. 

t 

3‘852 in. 

0‘2167 sq. in. 

300 millionths of'an inch. 

533 millionths of an inch. 
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Although the concrete in tension is neglected so far as calculation is concerned, it 
is supposed to remain unimpaired throughout; it will, therefore, be subjected to the 
ordinary conditions of bodies under the influence of Flexure, consequently, there will 
be an extension Xr at its lowest plane, which is deduced from the following ratio:— 


\t: H do'.: ffr: do ^23) 

in the present instance then \t= 637 millionths of an inch. 

The meaning of this last equation (23) and its result is that in order to permit the 
steel to take its full permissible stress of 16,000 lbs. per sq. in., and therefore its full 
extension ti', the concrete at the bottom of the beam would have to elongate 637 
millionths of an inch on one inch, an amount equivalent to TxVtr of its length: failing 
that, if would be ruptured up to some point in the depth of the beam where the extension 
due to Flexure would not be beyond the limits of that possessed by the concrete. 


Complete Incluelon ” Theory.—Plein Concrete subjected to Compression 

or to Tension. 


The Elastic Stress-Strain Curves. — Before working out numerical results 
according to a rigorous theory it is necessary to deduce from experimental tests on the 
. concrete of a 1:2:4 mixture, as specified in the R.I.B.A. Report, the general 
behaviour of and the relation between stress and strain in such a material, not only fdr 
compression but also for tension. A rational and adequate knowledge as to those 
attributes presents formidable difficulties both for compression and tension; as regards 
compression, not so much on account of lack of experimental tests—for they are numerous 
and Often carried out with great precision and refinement—but by reason of the fact 
that those tests are not pursued far enough to determine what are the limits of strain, 
when the material is in a state of perfect elasticity; as regards tension, altogether on 
account of the paucity of tests which have been publicly recorded, and the unsatisfactory 
and Inadequate results of those tests from a scientific as well as from a practical point 
m view. The difficulties which attend the process of testing concrete in direct tension 
ate no doubt wy considemble, and it appears it cannot be extended for efficient 
obMIW^hs beyoi^ certain comparatively low stresses; but the bulk of literature on 

disjmNi if iu something like the following manner “ It is of 
nqt.'he required in the calculations; there is then no 
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re&iltJ tests also go to prove that the “ elastic strain ”—^which vanishes with dis* 
continuance of stress—is for any particular specimen the same linear measure for the 
same* intensity of stress, no matter how often that stress is repeated. There is a 
culminating point at which the specimen breaks down, the exact cause of failure not 
being really kqpwn—possibly it may be attributable to shear—but elastic strain in the 
same body appears to remain a practically constant quantity for a constant intensity 
of stress. • 

If, then, the elastic strain has physical qualities of that nature it must be governed 
by regular and definite laws ; in such case the general form and characteristics—but 
not necessarily the distinctive physical properties—of the stress-strain curve would be 
similar for all materials, differing only in accordance with the kind of stres*^ imposed. 
Thus in the case of the elastic stress-strain curve for tension, it is always found convex 
to the axis of stresses; in the case of compression, however, no such decided character 
can be deduced from the results of recorded tests, for the curve is found sometimes 
convex, sometimes straight, and occasionally concave to the axis of stresses; and the 
last-named direction may perhaps be the correct one. 

, The Compression Stress-Strain Curve .—The particulars for forming this curve 
were taken from the Watertown Arsenal Reports, U.S.A., and so far as they go they 
appear to be well-nigh perfect, not only on account of the magnitude of the specimens 
tested, and their number and catholicity, but also on account of the comprehensible 
explanations accompanying the results of tests, and the refinement to which those tests 
were carried. Unfortunately for the purposes of the present investigations, a material 
exactly comparable with the mixture of concrete as specified in the R.I.B.A. Report 
does not appear to be included, and in the instances where a 1:2: 4 mixture is operated 
on, the atryoQQls of “ set ’’ were not taken after the first application of the applied loads 
on the specimens; therefore a true conception of the “ elastic ” stress-strain curve 
cannot be formed with precision. Enough, however, is contained in those valuable 
tests to show in what manner that curve tends to shape itself. The results which have 
been made use of are contained in the Reports for the year 1904, and those required 
here are set forth in Table III. The specimen tested was a column 9473 inches in 
length, the section being nearly square—12‘66 in. X 12‘59 in.—therefore it does not come 
into the category of “ long ” columns. The concrete consisted of a mixtllre 1 part 
“Vulcanite” Portland cement, 2 parts clean sharp sand, and 4 parts pebbles from i in. 
to in. in diameter. It was set in air and tested at 3 months and 17 days old. 
Measurements were taken on a gauged length of 50 in. in the middle part of the column. 


TABLE III. 

1:2:4 Pebbly Concrete under Compression. 










AiiPRBD F YSdN.. 




* W V 0 

Thtfl'description of the materials constituting the test piece agrees fairly well with ‘ihe 
R.I.B.A. provisional requirements except as regards the scantling for the aggregate, as 
pebbles up to li in. instead of J in. in diameter were used. The variation as regards 
the elasticity of two such mixtures up to a stress of 600 lbs. per sq. in. would hardly be 
of much importance when the age of the specimen is taken into ac6ount; a slight 
modification has, however, been herein introduced in order to lessen the effect of that 
variation. ' 

The experiments on the column were continued in a similar manner to those given 
by the results shown in Table III. up to its ultimate strength, and therefore the same 
load was Siever applied more than once. Apparently the initial load of 100 lbs. per 
square inch remained always applied. 

In the diagram Fig. 6 is delineated the compression stress-strain curve OcoCa as 
deduced from the results given in Table III, the axis 'XoOX bping the axis of stresses, 
and YOYo being that of strains; these latter are taken to represent the “elastic” 
strains—that is “ set ” deducted—and they are plotted as for millionths of an inch on 
a length of one inch. 



It will be noticed thajt although this curve approximates to a straight line, yet in 
TeaMty U condsti ol Jtwq corves meeting in such manner that at a Btr«s of about 
11^1^ PV cilttaw thjtte is a point of iodntrary flexure; from that point as the 

concave, and as the^ decrease it is convex, to the axis 
;Ciirve Oc^Co can hacd^^ be oonsiderad a true elastic 

ivl^h would cause a 
can be atvivcd at H that the 

.,b' in Table,,III. But Uie- 

of, many examples, contained 
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*^jAn exponential equation which will approximately define the stress-strain curve 
OcoCo is * 

ir=^Cf m , ( 24 ) 

ui which the e^onent m and the coefficient C are found to be as follows— 

w = 0-95 ( 25 ) 

• ^ 4 , 900,000 ( 26 ) 

A special form of the equation ( 24 ) in which Fo is some particular stress and vt its 
corresponding strain is— ^ 


The dotted curVe Fig, 6 running almost coincident with the stress-strain curve 
OcoCo represents that cuwe according to the calculated results of equation ( 24 ), and it 
will be noticed that the approximate can hardly be distinguished from the real curve. 


On the actual course of the ‘‘Compressiou " Stress-Sirala Curve. 


A remark has been previously made that the correct form of the “perfectly 
elastic ’’ stress-strain curve for compression may perhaps be such that it is concave to 
the axis of stresses,- This may be a somewhat bold suggestion to make, as it certainly 
is a heterodox opinion to hold, but in support thereof it may not be out of place here 
to examine the contention briefly—to examine it at proper length would be to enter into 
a lengthy and complex disquisition. 

In the,diagram Pig. 6a, let OXo be the axis of stresses and OYo that of strains. 

The curve Oa^o is plotted from the 
results in Table III. headed “ Total 
Shortenings,” and the curve OcoCo is 
plotted from the same results after 
deducting the amounts recorded for 
“set”; thus the former curve shows 
the total strains including tlie set, and 
the latter curve the “ elastic ” strains 
according to the tests as carried out. 
The two curves OcoCo Figs. 6 and 6a, 

FI C. 6^ are, it will be noticed, identical. 

Now there is good reason to suppose that the whole of the set was not eliminated by 
the first application of the test loads, and there is also reason to suppose that had those 
loads been applied a second time the set would have been further increased, and so on , 
until no set remained, when the curve would eventually assume some such form as is 
shown by the line Obobo which is delineated as a curve concave to the axis of stresses. 
Thus the first stress-strain curve defines the co-efficient of elasticity to be con¬ 

tinually decreasing in value as the stresses increase—and this is the general assumption 
when it is not supposed constant—whereas the last, and assumed perfectly elastiu, 
stress-strain curve Obobo defines the co-efficient of elasticity to be continually increasing 
in value as the stresses increase. 

A theory might be advanced in support of this view of treating the compression 
stress-strain curve—not only for concrete b Jt for all elastic iijb*(aBcoe:-lMtt lu Ihe pre¬ 
sent instance it will be simpler to rely on the results pra^cal exp^men^l.ts^ f<^. ' 
%ach support. Thus, indiarubb«r shows the cdhracteristies of the c^oave curtw Jts : 

,,propounded in a marked di^ee, cast'iron also giv^ Mmilar resuli^s, the curvatutje'lbu'li^ 
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case being not so strongly defined, as may be easily understood. I'ests on neat Portland 
cement could be given whicH clearly prove the stress-strain curve for compression id be 
concave to the axis of stress, and experiments on sandstone are found to i;ive a 
similar result. If then the co-efficient of elasticity for neat cement and for sandstone, 
taken as separate materials, continually increases in value as the stresseB increase, it Is 
reasonable to assume that when they are combined in the form of concrete they will not 
produce a contrary result. ' 

The general effect, as regards stresses and strains due to flexure, produced by an 
increasing value of the co-efficient of elasticity would be to cause some augmentation 
in all the^tresses beyond those due to a compression stress-strain curve convex to the 
axis of stresses, but any such augmentation would of course depend entirely on the 
degree of curvature; the numerical value of the exponent m being changed into some 
quantity greater than unity instead of *95 according to equation (25). The subject will, 
however, not be further considered here, as the theory of a concave compression stress- 
strain curve will not be embodied in any of the formulae contained in these investigations, 
and mathematical proof of such theory must be left to be dealt with elsewhere. 


The Tension Stress-^Straln Curve. 


After diligent research it has not been possible to discover any comprehensive or 
reliable results defining the relation between stress and strain in tension, whether as 
derived from direct axial tests on a specimen or from measured tests on beams under 
flexure, except in some isolated instances which do not extend beyond low stresses. 
Consequently a stress-strain curve for tension could not be produced in so definite a 
manner as that delineated for compression. Recourse was, therefore, had to a spemes 
of induction for the construction of the required curve, and the tension ctress-strain 
curve Oe'e. — Fig. 6—was consequently evolved in the following manner:—The 
00 -efficient of elasticity for the compression stress-strain curve OcoCo when, the stress 
is zero is nearly 4,000,000 lbs. per sq. in., and this defines the tangent to the curve at O 
its origin; it also defines the tangent of the tension stress-strain curve at this same point, 
for the generally accepted theory is—^and the results of experimental tests tend to con¬ 
firm it—Jhat where the ^wo curves meet, they have a common tangent; therefore, the 
direction of the required' tension curve at its commencement becomes known, and 
values below which its ordinates cannot lid*are provided. Two definite extensions as 
ordinates to the curve were then plotted, one being 31 millionths of an inch for a stress 
of 100 lbs. per sq. in., and the other 85 millionths of an inch for a stress of 200 lbs. 
per sq. in. These two important ordinates—^for they practically fix the form of 
the tension stress-strain curve—were deduced from experiments carried out by 
Professor W. H. Henby, and are contained in his paper on the “ Elastic Properties and 
Ultimate Strength of Concrete,” published in “The Journal of Association of Engineer¬ 
ing Societies ” for the year 1900. 

The concrete tested was a 1 : 2 : 4 admixture, the stone aggregate being limestone 
macadam up to li in. in diameter. It was well tamped in the moulds, covered with 


damp eloths for the i^t two days.aitd experimented on and tested to destruction at 30 
days old. The testing was by direct axial tension and several diagrams of stress-strain 
ooryei for the various speedmens are given; in one of them, of a fairly regular 

IQO lbs., per in. appears to he about 28 millionths, 
^7' Ud^nths of the length of specimen tested. 

than that composed of amalier stone 
the ‘rate and total amount of its extensi- 






l^s t^an is fopnd in concrete consistinjg of 
e Same pipportipns lor the various fhgredispts. On 
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thd^ther'h*and the extensions given for the limestone mixture are total extensions which 
include those due to “ set,” and the required values are the “ elastic ” strains, or those 
from Vhich the set has been eliminated either practically or by computation; conse¬ 
quently some qualification became necessary in order to reduce the “ total ” to 
** elastic ” exteesions only. 

There is probably some direct relationship between the stress-strain curve of a 
material under compression*and that of the same specimen under tension: assuming 
such to be the case if was thought that certain tests on two sets of 1:2:4 concrete 
columns carried out at the Watertown Arsenal might perhaps supply some fair means 
of approximation for the required qualification. The aggregates for the ^-espective 
columns consisted of trap rock up to li in. and i in. diameter; the total strain at 
high stresses showed an increase of some 15 per cent, for the mixture containing the 
smaller over that containing the larger stones. 


Taking that percent£tge as a basis and making certain allowances, it was considered 
that an amount of 10 per cent, added to the two extensions of 28 and 77 millionths of 
an inch previously given for the limestone concrete in tension would furnish the desired 
qualification. Such additions give the 31 and 85 millionths forming the two definite 
ordinates for "the tension stress-strain curve Oe'e, Fig. 6, at their respective abscissa: of 
100 lbs. and 200 lbs. per sq. in. Thus the direction at its origin, and two points on the 
required curve were found, but it was necessary to determine yet another point, so 
that the extension at some assumed or probable ultimate stress might be established. 
An equation in the form y=ax+b^+cx''+, etc., carried to the 5th degree, was 
formulated, and was made to satisfy so much of the curve as was already known. 
Calculations were then made as for a stress of 300 lbs. per sq. in.—that intensity being 
supposed to be outside the limits of the probable actual ultimate strength—and the 
corresponding extension was found to work out to 340 millionths of an inch on a length 
of one inch. The curve Oe'e is plotted from the values derived in the manner just 
described, and it is intended to represent the “ elastic ” stress-strain curve for the 
concrete specified in the R.I.B.A. Report. 


It will be noticed that beyond a stress of about 200 Ibs^fper sq. in. the ^tensions 
increase at a very much faster rate than the stresses; fhis character of the material in 
general accords with the tendency shown by experimental tests and with eminent 
opinion on the subject. .t ■ ‘ ‘ 


In a reinforced concrete beam M. Considdre maintains that after some unknown 
ljut high intensity of stress in the concrete is developed, such stress remains constant, 
whilst extensions continue to increase with the increase of extensions due to the steel 
reinforcement up to a point where the metal ceases to be uniform in its manner of 
extending, and then the concrete becomes ruptured. 

Such a theory does not commend itself as being essentially rational, nor is it 
generally accepted; but it cannot be disputed that Consid^re’s experiments show 
conclusively that after some more or less ill-defined degree of Stress is reached, the rate 
of increase in the extensions is very rapid; and this is so well borne out by the form of 
the curve Oe'e, Fig, 6, as almost to harmonise with his theory. 


Concrete, however, is a material which probably does not differ in its elastic 
properties—except in degree—from other natural substances, and as in them inoresaed 
extrasions are found to be due to increased stress, so in concrete an increase* in tiie 
extension can only be the result of an increase in the stress: the increin^ts of stress 
may, and apparently do, eventually become smaller and stiudler, as tjbe corresponding 
increments of strain become neater and greater. , . . ; 
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An exponential equation which will approximately define the stres8-s\rain .c^^e 
Oc'c, Fig. 6, is:— ' 

The exponent n and the co-efficient K are found to be as follows:— ,, « 

k=050 (28) 


«•= ? 5 _ 

'ld'» 


(29) 


A special form of the equation (27) in which F is some particular stress and Xr its 
corresponding strain is:— 

\r=KF^ 


The dotted curve, Fig, 6, running alongside and through the stress-strain curve 
Oc'c represents that curve according to the calculated results of equation (27). 

It will be observed that those two curves do not differ* from each other to any 
great extent between /=say 75 lbs. and /=say 275 lbs. per sq. in. Below 75 lbs. per 
sq. in. the dotted curve is known to be erroneous, but the effect on the calculations will 
be quite insignificant; above 275 lbs. per sq. in. the dotted curve begins to increase'in 
error perceptibly, but as subsequent calculations show that the probable maximum 
stress involved will not exceed 260 lbs. per sq. in., such error may be regarded herein 
as harmless. 


(To be continued.) 
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CONCRETE PAVEMENTS- 
METHODS AND COST OF 
CONSTRUCTION. 


By CARL M. BOYNTON 

Tilie follomlmi ts taken from a Paper read before the American Society of Engineering 
Contractors. We vioald also refer oar readers to an article on Concrete Roads nuhlch 
appeared in oar ISardh and May numbers.—ED. 

The development of concrete as a pavinj^ material is unique. Where most permanent 
pavements have ultimately 'been declared a success only after years of expensive 
experience and many failures, concrete has given satisfaction practically from the start. 
This is no doubt due, in great part, to the knowliedge in handling concrete which con¬ 
tractors have gained in othtT lines of construction, and thus have been able to avoid 
conditions which might result in failure. However, the success of concrete is largely 
due to its possessing every essential of an ideal pavement. 

ITie principal features of the ideal pavement have been very ably summarised by 
Mr. Linn White, engineer. South Park Commission'er of Chicago, as follows : “ A 
pavement ►should be inexpensive and flexible in. cost, simple of construction, without 
endangering its i>ermanie.ncy. It must be dustless, noiseless, resilient, smooth, non- 
slippery, clean, and of agreeable colour to the eye.” That concrete pavements practically 
fulfil all of these requirements has been fully demonstrated wherever they have been 
intelligently laid. 

In discussing the subjet't of concrete pavements, it is proposed to adhere strictly to 
the subject of plain and reinfor(x?d concrete, without discussing any of the many 
patented materials used for tbo surfacing of the concrete. * 

* The twt> methods of concrete pa\ement construction which have been used to such 
an extent thrtaighout the country as to be accepted practically as standards, are single¬ 
course and two-course work. The relative cost of materials that can be obtained will 
be the determining factor as to the type of pavement to use. If hard, durable crushed 
rock or a clean, hard gravel cannot be obtained at reasonable cost, then one-course work 
should not be undertaken. 

The wear to which a concrete pavement is subjected is due to abrasion and im]}act; 
therefore, in. planning and building a concrete pavement every effort should be directed 
toward obtaining the highest degree of resistance to such action. It is apparent that 
to obtain high abrasive resistance in a pavement, an aggregate having high resistance 
must be used. The same will apply to impact. Therefore, it is essential that concrete 
for a pavement must be composed of a hard, tough aggregate. But it is just as essential 
that the concrete itself be uniformly hard and tough, and with the proper materials this 
can be obtained only by the employment of methods which insure proper proportions 
—thorough mixing, correct consistency, and uniform distribution and compacting of the 
concrete over the area being paved. These may be considered excessive preoeutions, 
but results indicate the advisaWlity of using precise methods. 

POUNDAWOH. ' * 

A foundation lor concrete pavement is essential and should be of such a nature jabd 
so prepared that sub-drainage is assured. All soft and spongy material in the, sub-base 
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should be removed, and replaced with bank-run gravel, sand, or other material equally 
as good, and the whole foundation thoroughly compacted with a power roller. 

A flat sub-base is more easily obtained than one that is crowned, and, on narrow 
streets up to 20 ft. in. width, a better distribution of the concrete results by placing thp 
arown entirely in the pavement proper. A careful checking of the efevations of the 
foundation is important in order to insure the proper thickness in the finished concrete. 



Fig, 1. Pumping Equipment for nse on concrete road, 
CoNCRBTR Pavements. 




View of tbe opWsUOne ef’i ooncnste road construction gang. 

QONOSBTS PAVSkKkTS. 
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• OSB.COVKSB WORK. 

Ihe one object to be desired in all construction work, ^nd particularly in the use of 
concrfete, is simplicity. One-course work, that is, the construction of a pavement where 
the mixture is similar throughout and the wfork is done in one continuous operation, is 
therefore desiijable. The points to be considered in a study of this type of pavement 
are; Materials, Proportions, Methods of Mixing and Placing, Thickness of Pavement, 
Expansion Joints, Finishings and Curing. 

Materials — Aggtegatc. —The coarse aggregate of one-course work should be well 
graded gravel or crushed rock, ranging in size from i in. to in. in largest dimension. 

The fine aggregate should be clean, coarse sand, well graded from finest© coarse, 
all of which should pass through a No. 4 sieve, and not over 5 per cent, pass through a 
loo-mesjtt standard sieve. 

The cement should be standard Portland cement, complying with standard 
spc'cifications. 

Proportions. —The leanest concrete which should ever be used in a one-ooursei pave¬ 
ment is a 1 : 2:4 mixture. Such prqjortions will usually give a satisfactory finish and 
are suitable for streets iind roads of moderate traflfic. For all other traffic conditions 
richer mixtures should be used. In some cases concrete comix>sed of one part cement, 
one and onei-half parts .sand, and three parts coarse aggre^te has been employed with 
splendid success, and with similar material and under like conditions 1 : 2:3 mixtures 
seem to give equally as good results. 

Mixing and Placing, —As the pavement is dependent for its success upon uniformity, 
the mixing .should be done mechanically in a type 0 ;f mixer which insures the uniform 
proportioning of all materials throughout the mass. ITie concrete should be of a con¬ 
sistency requiring but little tamping to flush the surface with water. 

The usual method followed in placing concrete is that of placing the concrete directly 
on the street from the mixer, and not handling it the second time by wheelbarrows. 
This is sometimes accomplished by the use of a boom and bucket attached to the ijiixer, 
the bucket usually being of the bottom-dump or tilting type, the boom swinging in an 
arc of 180 degrees. Another method is by the use of a spout or flume from the mouth 
of the mixer, discharging the concrete directly upon the road, this spout being so 
attached that it may be swung easily in an arc of 180 ° andjthe mix discharged*while the 
sftout is in motion. 

"Phickness. —The thickness of the pavement is a very important ^Mtion and one 
which experience alone can answer. Developments to date seem to hlw^e that at the 
crown of the road nothing less than 7 in. should be used. In country highways the 
minimum thickness of the edge should be 6 in., while in some city pavements where 
the edges are protected by curbs a minimum of 5 in. is allowable. 

Expansion Joints.—It is admitted that expansion and contraction must be taken 
care of in concrete pavements, but the amount of movement which should be provided 
for and the distances at which joints should be placed, are points not definitely settled. 
Joints lengthwise through the pavement are objectionable, tjh^efwe, in most cases the 
concrete is placed in a continuous sheet or slab from edge to edg* with joints across the 
pavement, varying from 15 to 30 ft., according to ^ idM of engineer writing the 
specifications. Pavements laid with three-eighths joints every 25 ft. have proven very 
satisfactory and this arrangement of joints is being accepted as good practice. 

Since the edges of the joints are apt to be chipped, it has been found advisable to 
protect them with plates or angles. These plates are clamped together face to l^e vyfth 
a strip'of J-in. tarred felt betwerai, and are set up and cmicreted into ppskkm, - The 
effective joint, so far as the expansion is concerned, is reduced to whatever the felt ca^ 
be compressed. 

In case of street work where curbing is Used, longitudinal jednts should i^oyided 
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between the pavement and the curb. These do not require the protection of metal 
plates; for such longitudinaf joints a plastic filler is preferable to a tarred-felt filler. 
All joints not protected by metal should be rounded to a radius of 4 in. 

Finishing .—It is generally accepted tliat the best method of finishing a concrete 
pavement is to wood-float the surface after it is struck off with a template. Sometimes 



Fig. 3. Showing the discharging of the concrete upon the sub-base. 
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Fig. 4. Steel Protection Plate for Expansion Joints. 
CoKCBBTS Pavements, 


tlM floated ;i«^brM8hed‘with a stiff fibre broom; but this is not necessary and is 

“ id?o0ttT3iigate-alt“gradies of $ pa* cent* or moro. ' 
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l^riod of not less than five days, so that the moistuTe irt the concrete, necessary to its 
proper hardening, will not be lost. The pavement should be protected for at least 
another period of five days before traffic is allowed upon it, 

• ^ TWO-COURSB WORK. 

In some .localities, due to available materials, two-course work is better and cheaper 
than single cour.se, Such^a condition exists where the coarse aggregate is not tough 
enough to resist tr^pffic, and granite screenings, or a clean sharp sand, can be cbtained 
for the top course. Two-course work requires more careful handling and more ex¬ 
perienced labour in its construction than onc-ccurse. The difficulty in bending*fresh 
concrete to partially hardened concrete is well known, and it is this fealui^ that must 
be wal^shcd carefully in two-course work. 

The bottom course should consist of at least in. of well-made concrete. The 
should conform in general to that dc.scrjbcd for one-cour.se work, but may 
consist of material of Iftwer abrasive value. 

The top course, in. in thickness, should bo composed of a i ; li part cement and 
fine aggregate in which the aggregate is either granite chips graded from fine to i in. 
^n size, or coarse sand well graded from fine to coarse, the largest particle of which 
will pass a Jin. screen. 

Mixing and Placing .—The main difficulty encountered with two^course work is in 
placing the wearing course ujxyn the base in such a manner as to ensure a perfect bond, 
simple meth(xl of ensuring successful work i.s in the use of two mixers—-the secondary 
mixer being used for the top course. In this way the placing of the top is carried along 
simultaneously with the j)lacing of the base. 

, RBINFORCBD PAVBMBNT. 

The determination of the use of reinforcement in concrete pavement will depend 
upon the type of foundation and width of pavement. Reinforcement mav be used in 
either single or two-course work and is particularly designed to care for slight .settle¬ 
ments of fillod-in foundations and to guard against construction cracks developing where 
the pavement is wide. In any raid where a new fill of over 2 ft. is made, and the 
material used is other than sand or gravel, the pavement sk^ld be reinforced no matter 
what the width of the road. * 

• „Onc co.ndifion often .arises in towns or cities in the laying of a sew'er down the 
middle or side of a street just prior to placing a pavement. WherqJwiBb excavation is 
necessary, and the pavement is laid upon the fre.sh fill, sufficient refttfo^ment should 
be placed near the base of the pavement to give additional strength at such a i>oint. 

The type of reinforcement which is most economical in price and handling is the 
wire fabric. The weight of fabric to l>e used in this reinforcement is still an open 
question and must be determined to suit each specific case. Light, inexpensive rein¬ 
forcing has been advocated in tWo-course work; the reinforcement to be placed upon,* 
and pressed into, the still plastic base. Being slightly undulating, it insures that no 
line of cleavage can possibly develop between the two courses, and in addition it imparts 
greater strength and security to the pavement. Fw single course work the reinforcing 
is placed about 2 in. from the surface. 

COUNTRY HtaUWAYS. 

The advent of the motw-driven vehicle has made obsolete our “ good, reads ** of, a 
few years ago; no type of gravel or macadam road can stand such traffic, . T^e cost of 
the better types of pavement has discouraged their use, but concrele^ by proviidfn|g 9 , 
permanent and economical material, has solved the problem of paving country ' 

. An important point in'favour of permanent pavement in the country is that, 
farmer has the road to use in the season when he most nieeds It, 
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Gravel Shoulders .—^The gravel used in the construction o^ shoulders should be a 
first-class road gravel containing sufficient clay or earth to cause thorough packing, that 
it may offer a substantial resistance to traffic. As the gravel shoulders are used only 
for the purpose of turning out, the wear will not be excessive, and the cost of main¬ 
tenance win consequently be low. 

BSTIMATBS OP COST. o 

Analysis of cost must include material, mixing and placing, expansion joints, water 
supply, equipment and bonds. 

Materia ^.—An analysis of the material costs of one-course and two-course work 
will show that the difference is so very slight as to be doubtful of estimation. However 
close an. approximation an estimate may be, it cannot be exact, and, therefore,'It null 
readily be seen in the following formulas that the main consideration in choice of tvj^e , 



of pavement must necessarily oe dependent upon the materials available; and the tvpe 
chosen, will be that to which they are best adapted. This formula is based on Thompson 
‘Taylor’s Table of Proportion. 

Considering: C equal cost of cement .per barrel, 

G equal cost of gravel per cu. yd.. 


S equal ^cost of sand per cu. yd. 

Tl^, for one-course work of 1 : 2:3 7 thirJc, the material cost per sq. yd. 

of pavement is ‘ 32 SC plus ‘ogys^ plus * 146 ^?; while for twoncourse work, 7 in. thick, 
compq| 5 |^ of x,,: 21:5 .aud a i: li top mortar, the material cost per sq. yd. of 


f‘ 34 SC 






plus 'X33G. 

tiendency to <1^(03118.6 ^-cost by small compensating 
j^von her^ to illustrate this point. 

'g^ e^u^^txfoht'itnd an avmige gang the actual post of 
.cents per sq. ydL |or 7 in. of concrete; To 
yd. ior finishmg and labour necessary 
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handling the forms, making a total for one-coursc work of ten cents for mixing 
and placing. 

Expansion Joints .—Placing expansion joints is such a simple operation that one 
cent, per sq. yd. should cover the cost. To this must be added the cost of metal joint 
and tarred fflt delivered on the job, or the cost of filling the joint with a plastic filler. 

Water Supply .—On city streets the water supply is not a problem; but on country 
highways, whore it is necessary either to haul or to pipe water a considerable distance, 
it is advisable to \nake a careful survey of the situation. In estimating the cost of 
water the amount required for keeping the pavement damp for a period of fiv^ days 
must not be neglected, and as this is an indefinite quantity dependent upon weather 
conditions, only an approximate cost can be suggested. 

Xlie cost of hauling water for use in constructing country highways of concrete is 
W often an item worthy of careful consideration. The method of supplying water by 
piping is considered b;^ the majority of contractors as most economical. Where water 
is available under sufficient pressure the pipe line can be attached directly to the city 
main, thus eliminating ongim* and pump, but where water is taken from a well, creek 
,or river in vicinity of work, an engine and pump will be retjuired. The cost of gasoline 
engines varies with rated horsepower, and the cost of pumps would vary according to 
the capacity pressure required and the conditions under which work would be performed. 

Where the construction is small, the installation of efficient pumping equipment 
may not be justified, in which case hauling in tank wagons can be r('sorted to. One- 
team hauling tanks having upwards of 350 gallons capacity will supply a mixer of 
i cu. yd. with sufficient water for a day’s run, pro\dded the haul is one and a half 
miles or less. 

, EXAMPLES. ^ 

In discussing the cost of concrete pavements, a few examples of actual construction 
will help to make clear the division of expense. The first pavement I shall mention 
was laid rmmtly in a small town in the central part of Illinois, totalling 5,000 sq. yds. 
The total cost of the work was $3,964.02, excluding cost of equipment, which consisted 
of a ^-yd. Koehring mixer of the latest type and a four and a half horsepower gasoline 
engine, and also excluding the cost of the water for mixiniKnd sprinkling. The pave¬ 
ment was 45 ft. wide and uniformly 6 in. thick. The the work was divided as 

folljjws: Superintendence, $140; 1,457 barrels of cement, $1,547. sand, stone, and 
gravel, $1,284.97; labour, $560.07; lumber and forms, $35; bitu^e# and creosoted 
blocks for joints, $48.67; coal and oil for mixer and engine, $30.75; excavation, $307.41. 

summation of these figures gives the cost of this road as $4.76 per cu. yd., or $.79 
per sq. yd. 

During the summer, Milwaukee County, Wisconsin, constructed several concrete 
highways to the south and south-west of Milwaukee. Data on a two-days’ run from^ 
one of these jobs were collected. Twenty-four men and i-yd. Smith mixer of the 
dumping type were able to place 94*1 cu. yds. or 470 sq. yds. of 9-ft. road 7 in. thick 
for a total of $364.41, exclusive of cost of grading and interest and depreciation on 
equipment. The materials were furnished free to the cont'racter on the siding nearest 
the work and hauled to the job at his expense. 

In figuring the cost of the road, the cost of materials to the county was included 
with the cost of mixing and placing carried by the contractor, and are itemised as 
follows: iii'5 barrels of cement, $115,96; 93 yds. of bank-run gravel, $94.86; water 
piped from the city, $19.27; Baker protection plates fbr'expansicm jennts, $2$.07t coal 
and oil for engine, $4, and labour, $101.25, making the cost per cat. yd. $3.98 and 
per sq. yd. • * * 

In the west central part of Michigan 2,586'ft. of boncrete 9, 'W^idc and *55 

of a ft. thick were constructed by a township as an experifheni, A gat^ of tlfi^ve nSwh 
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using a 7 cu. ft side delivery Koehring muter did the work for a total cost of $3,392.6V, 
divided approximately as follows: 746 barrels of cement, $870; 655*9 of sand and 
gravel, $553.28; Baker protection plates and hller, $170.12, and labour, $1,690.50. 
These .figures give a cost of $7.28 per cu. yd. or $1.31 per sq. yd. Had the cost of 
grading, excavation and culverts been added to the above, the cost of pavement would 
have been increased to $8.73 per cu. yd. or $1.46 per sq. yd. 

CONCLUSION. 

In conclusion, a few words further explaining one or two of the illustrations may 
not amiss. Fig. i shows the pumping equipment used for concrete road construction, 
with the gas engine ready to be belted to the pump. 

In Fig. 2 the finishing bridge is shown in the foreground, and in the background 
the strike boards and mixing equipment can be seen. 

Fig. 3 illustrates how, after the concrete has been mixed, it is dumped into a bucket, 
and carried on a long boom, which swings over a length of abdut 18 ft. The view in 
this illustration shows the concrete in the position required, and in the act of being 
discharged from the bucket upon the sub-base. 

The steel protection-plate shown in Fig. 4 is laid up with two thicknesses of i-in. 
tar paper between. After being placed in the pavement the clamps are removed, and 
when the concrete has hardened the anchors serve to hold the plate in place, the tar 
paper making provision for subsequent expansion. 
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It is oar intention to publish the Papers and Discussions preseniea before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
In such a manner as to be easily available for reference purposes. 

The method tue are adopting, of dividing the subjects into sections, is, we believe, a 
new departure.—ED. 


THE CONCRETE INSTITUTE. 

THE STRENGTH OF CEMENT. 


RESULTS OF TESTS ON FIFTEEN DIFFERENT BRANDS 
USED IN PASTE. MORTAR. AND CONCRETE. 

By H. C. JOHNSON, Demonstrator in Engineering, Univenity College, Cork. 

The following is an abstract of a Paper read at the Thirty-fourth Ordinary General 
Meeting of the Concrete Institute. 

To many people it ifj, undoubtedly, a fact that any bag marked “ Portland Cement ” is 
just as go^ value as any other bag so marked, and also that— 

(a) The cheapest cement is tho most economical to use. 

(b) Testing a cement with a “ name ” is utuieoessary. 

(c) The value of fine grinding is not considered, even if its advantages are known. 

(d) The paste tensile seven tkiys’ test is quite sufficient guide to a cement’s value as 

a “ binding ” material. ■ 

That these conclusions are erroneous, the author will noi' b© the firi^l to poirtt out. 

The results of these tests are put forward with the object of calling further attemtiion 
*to^e importance of testing all materials entering into constructionnl^'orks, in which 
they will be called upon to do their duty, with a predetermined safety. This 

factor, if due attention be paid to excellence of materials in every particular, may 
reasonably be reduced from the customary four or six to three or four and a half. 

The term “ paste ” here used means neat cement and water. The term “ mortar ” 
. means one part cement to three parts standard sand, and water. 

All the specimens were tested by tho author in the Engineering Laboratories of 
University College, Cork. • 

GENERAL TESTS. 


The author reported on some general tests made'by him with some fifteen! specimens 
of cement, and he gave full tabulated details of these tests. In making them, the author 
stated he had used rather higher percentages of v^ter than the British Standard Speci¬ 
fication requires. The cement tests comprised tests for fineness, apparent density, and 
specific gravity. Some tests for setting times were made, but were not included, but 
most of the samples might be termed “ slow setting.” The cement paste was submitted 
to tension and compression tests.', Some tests with cement mortar dememstrated clearly 
the value of fine grinding, and the superiority of the igiprtar test over the pa|te test as 
a guide to the birring value. ; 

PSRCSNTAOEiGr.WATtR TEm. . • 

Three of the cements used in the genefal tests were here, employed--^ ^iie 
cement which had proved the finest and strongest (No. 7)^ the (joansest (No.''6), tl» ‘ 

weakest (No. 5). 
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The foikwing pctot^ are worthy of attention in connection with these tesljs^:— « 

I. A d^rease in strengthen tension at ninety days as compared.with twenty-edgfit 
days does not necessarily indicate a decrease in compression. 

. 2. At ninety days the* dif¬ 
ference in strength between 
the specimens ^th the high < 
and those with the low percent¬ 
ages of water is very small— 
in ¥he case of the air-cured ,, 
specimens it seems an advan¬ 
tage to have a higher percent¬ 
age of water. 

3. A low percentage of 
water would allow an inferior 
cement ,to pass the British 
Standard Specifications, 
whereJ^s even 26 per cent, in a 
good cement would not pre¬ 
vent its passing. 

4. The higher percentages 
of water have a greater effect 
on the tensile strength than on 
the compressive. 

5. In the paste specimens 
at ninety days the 23 jx-t cent, 
of water giy^s 42 per cent, of 
the high results, showing that 
all cements do not give their 
greatest strength with the 
minimum amount, of* water it 
is possible to use. 

6. While the low percentages of water give a higher strength at the earlier ages, 
in the majority of cases there is very little falling off at ninety days, due to the increase 
of water. In fact, one might reasonably expect that with a good cement the higher 
percentages would eventually 
produce a stronger material.. 

On comparing the ce¬ 
ments, NoT 6 (the coarse ocaif 
is heavier on the whole per 
specimen in paste than either 
Nos. S or 7, besides absorbing 
less water than No. 7. This is 
because it is more dense on 
account of the variety in the' 
size of the particles. 

In the mortar the posi-' 

* tions of Nos. 6 and 7 are re¬ 
versed, No. 7 being the heavier 
because the finer particles 
allow the sand grains' toi. lie 
closefi whereas the coarse 
material in No. 6 V 4 |>read 8 
thetu, and while it piroduces a 
’ .iimount'df,mprtar, it. 
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THE STRENGTH OF CEMENT^ 


* TBit air-cufcd as well as water-cured test specimens might, with advantage, bo 
made when endeavouring to find the i>erfect cement seen*s to be indicated bv these tests. 

The tests also show the importance of keeping cement or concrete moist during the 
early stages of curing. • , 


^ CONCRETE TESTS. 

For the .purpose of these tests the author used 6-in. concrete cub^s, and here again 
cements No. 5 and 7 were employed, and as the supply of the coarsest. (No, 6) had run 
out, two intermediate cements from those used in the general tests were used with the 
idea of obtaining Tour different strengths. 

The cmrse aggregate was crush^, hard limestone passing the f-in. and rttaiped in 
•the i-in. sieves, and had 40 per cent, of voids, found by pouring water inito a J-cu.-ft. 
bucket full of stone (the voids found later by specific gravity method equalled 42 per 
cent.).* The fine aggregate was a fair quality sand which passed the |-in. sieve, but ran 
to quite fine, and had actually 38^ per cent, voids (found by pouring sand into the 
^-cu.-ft. pail and noting the water displaced), but \yas considered, in proportionng, as 
having the same as th^ stone. 

All aggregate was washed about six hours before used and drained during that 
period. 

These test specimens were not treated with special care in tamping or curing, the 
'temperature of the room varying between 55° and 65° F., that of the floor on which they 
wore laid, being of stone, might have dropjxjd to 50° F. on occasions. 'ITie strengths are 
not high, mostly accounted for by the use of the poor sand and hard limestone; however, 
this does not in. the least affect the value of the tests as showing the varying strengths 
of diffwent cements, since the mixtures were the same in each case. 

Referring to the concrete diagrams, in which readings of the deformation were taken 
in most cases up to the ultimate load, another and a more important point is brought 
out, speaking now from a reinforced concrete point of view, and this is the splendid, 
long-oontinued, initial modulus of elasticity tlxat a good cement will give, indicating 
how high a factor of safety is obtained when the working stress .is limited to 600 ib. per 
sq. in. 


CONCLUSIONS. 


From the detailed results of his experiments the author drew the following con¬ 
clusions :— 

1. That a good strength in paste is no proper indication of a good strength in 
concrete. 

2. lliat the best tests of a cement’s value for reinftflred concrete or sfinilar work 


^ (a) Mortar compression cured in water, 

(6) Mortar compression cured in air, 

and, in addition to having to show a certain strength, any cement having a higher value 
it) air than in water to be condemned. 

3. That not less than 22 per cent, of water be allowed in gauging paste, and not less 
than 3 per cent, plus i the percentage as used in the paste, in gauging mortar. 

4. That the standard of values for cement to be used in reinforced concrete work 

be raised by 25 per cent.—^not that a cement only just passing the British Standard* 
Specification is to be condemined for average work, but in order that first-class cements 
only shall enter into reinforced concrete structures; engkiCCTs may then reasonably 
expect to be able, in the near future, to use 1,000 Ib. per sq. in, on coni(;i‘ete instead of 
600 lb. - 

5. That for a given expenditure on cement a first-class ^pne will ailow a saving, 
since there will be— 

(a) Less cement to pay carriage on, 

i b) Less cem'^t to handle, 
c) Less saclcs to clean, tie up, and return, 
i) With at least as stroi^ a cottcrete, , ' 

6 That a given strength of concrete should be ^ci^, of a ^vea ' , 

which does not take into account the pro^ proportioning dif .aggmigate-^ 

cement of first quality ia used. 

7. That cement should be sold by volume m^ead of bf and ift hags Opdlaln- ^ 
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ing I tu, ft., to allow o$ quicker and easier handling. These bags' should b^fhade fof 
paper for pr^erenoe, this being the common practice in the United States. Among the 
advantages the author noted that paper bags have over canvas ones are— 

(a) No time is lost in shaking out the cement, 

(b) No cement is retained by the sacks, 

(c) There is no return freight on empties, «. 

(d) The packages are better looked after in storage, and 

fe) Cement is kept in better condition. „ 

DISCUSSION. 

Mr. D. B. Buthr, AM»oc.M.laMt.C.B„ P.C.S. (Member of Council C.I.), said he did not 
agree with Ae author’s opinion that testing cement with names is unnecessary. He also was 
not in accord with the author on the subject of the 7 days’ neat tensile test for determining 
the value of cement for certain purposes. Also the author persisted in using the word paste. 
Paste seemed scarcely the true definition for neat cement tests. In. the paper it is sai<rthat the 
neat tensile test is insufficient. Of course, by itself it is not sufficienf. In testing cement he 
always asked himself, is it constant in volume? is k at all likely to expand after, say, a 
month or three or four months and cause trouble ? These are the first points to consider, no 
matter what other quality cement may have. 

The main thing contended throughout the paper is the percentage of water used for testing, 
lor making up the paste, and the author admitted that all his paste tests were made with ? 
much wetter consistency than that advocated by the British Standard Specification, and the 
amount of water used was such as to make the cement equally plastic on the slab. He (the 
speaker) had always advocated that in testing cement in a laboratory lest the idea is—unless 
there is some standard to go upon—to find out what that cement is capable of uifder the best 
conditions; and, therefore, the idea of testing cement is to obtain the best results compatible 
with certain conditions which custom has laid down as a fair test. He did not agree in using 
the very driest possible mixture ,md putting it under pressure to get a solid briquette; that 
was going too far, but he fully agreed with the British Standard recommendation that the 
briquette should be made so that the consistency .should be such that when the paste or the 
mixture is put into the mould it becomes plastic; when it is rammed into the mould It becomes 
plastic. 

In Germany it is the custom to make the briquettes extremely dry and to hammer them in 
with a mechanical hammer, thereby giving a much higher strength than would be done 
by what the French call making a liquid mass and pouring it in. The author apparently 
attributes considerable value to the specific gravity of cement; his own opinion on that point 
was that, given a proper artificial Portland cement free from adulteration, specific gravity is 
not worth much. The specific gravity, as a rule, is intended to show, apart from adulteratioi. 
which can *De detected by other methods, originally the amount of calcination to which the 
cement had been subjected in the course of manufacture, but he had personally made a cqp- 
siderable amount of research on that point, and his experiments had conclusively shown-'that 
the, specific gravity of unburnt clinker and of well-burnt clinker was identical at the moment 
at which that clinker emerged from the kiln, so that the difference in specific gravity is 
almost entirely due to water and carbonic acid absorbed by that clinker or by that cement 
after burning and grinding, and moreover that the specific gravity of the yellow unburnt 
clinker, as it came from the kiln, would pass the British Standard Specification for good • 
cement.. 

Mr, M. J. UmnHat, M.C.t„ raised some questions in connection with the compression tests. 


He understood that the sand was taken on the void and the quantity of cement was arrived.at 
in accordance with the void. He vrished to know whether the sand was taken in its very dry 
state, for this would make a considerable difference. He had found from experience that an 
average sand—say, Thames sgnd or sand of a similar nature—that taking a measure of, for 


example^ (|^ cpbic )Foot, or any measure, it could only be filled by about 5 per cent, more than 
IjE .th|? sand were perfectly dtjrj He wished to show the sand between these two points. Assuming 
i' like a horseshoe, on*one side is put'ihe consolidated mass in water, .and on the other 

side 4 'jd^rfectly, piwlii^i'dated ^ its own dryness, say, like an hour glass. When 

arrive at appoint between those two. 

be about three parts from 


ppint'-of consolidated dry. ' That-is a 
the vpids. immeaee and ndore. cement 
a greater "amount of oemeht b 
■'a, Uttie less d««we-. it}; .joqocn^, with 
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.« Mr. U, K. DyMOB (Secretary) said fae would like to corroborate the statement of Mr. Harding, 
that the voids in sand do depend a great deal upon the percenlnge of moisture dial there U in 
the sand. There is generally a gradual increase in the percentage of voids in sand', with the 
addition of percentage increase up to 5 per cent increase on the dry sand, and after the s per 
^nt. increase is attained, as a rule, the sand continues at about the same volume until about 
10 or la per c^t. is reached, when the sand begins to get thoroughly saturated, and it then 
begins to drop back again, but with a very slight increase m the percentage of water. The dry' 
sand and thoroughly wetted s|nd are approximately of the same bulk, but tbe,increase by the' 
addition up to 5 per-cent, of water is generally about 5 up to 25 per cent, increase in bulk, 
dependent, as a rule, on the cleanliness of the sand. This refers to the amount of loom or 
other similar matters that are in the sand. With standard sand it is about 15 per Mt, 
idfcrease—10 to 15 per cent, increase—for 5 per cent, addition of water. The majo^^y of sand 
when bought, even when dry, contains i or a per cent, of moisture. That is permanently in it, 
and can «nly be dried oi! by heat. But the sand that is purchased in practice has about 3 or 
^ 4 per bent, of moisture so that the bulk is about 10 per cent, greater than when it _i* 
^thoroughly wetted. In the making of concrete when it is tamped in position, the tamping in 
position also makes a difference. If 5 per cent, of water'*be added and it is then tamped the 
bulk can be reduced by continued tamping; in fact, the question.of-tamping makes a consider¬ 
able difference in the proportion of concrete, because the ordinary coarse material, if tamped 
sufficiently, makes a dense concrete without the additi<»i of any sand whatever; it depends 
sblely upon the amount of labour, and in prc^iortioning concretes, adding sand and determining 
voids and so on, one needs to take into account the amount of labour that is going to be put 
in in pracifc||^ The r eason for usio-g a fair amount of water and an amount of sand in 
ccmciete is ‘WQlve in labour. 

Ths Cbmirmmai Mr. Butler raised some very important points with regard to the in« 
r.dequacy of the specific gravity as a test of quality. Another important point was raised by 
the author himself in which he recommended that cement should be purchased by volume. 
It appeared to him that the weight is a thing which one cannot very easily alter, and as far 
as ordinary chemical processes go weight is that one thing which we do not alter. Everything 
else is chajpgeable. And it appears also that the vdlume of cement is almost governed by,the 
distance trWlled. He felt that selling by weight is the only way that can give general 
satisfaction, and it is also probably the only way in which uniformity of results can be 
guaranteed, because doubtless the great diversity experienced has often been due to the 
differences in what was supposed to be a cubic foot of cement. 

illr. Noat Ridleys Cement should be bought by weight. There was no other way. Ho 
agreed with Mr. Butler that it is an advantage to have the cement tested wherever possible, 
but there is one advantage in accepting a name, and that is that one is more likely to get 
what one expects than from a cement without a name. In pracffc^'it is sometimes necessary to 
use cements before they can be tested. In fact, there is nrf'opportunity in maify cases of 
mtt^pg a test, and therefore a name is a very important thing. ... . . 

It was announced that the author would reply to the various points raised in the discussion 
in the Transactions of the Institute. 


PROPS AND BEAMS IN MINES. 

B, S. M. DIXON. M.A.. M J.., M.I«l.C.E.. M.C.I, oi CW Eiwoariii, 

at Birmingham Univeriity. 

The following is an extract from a paper read at the Thirty-fifth Ordinary General 
Meeting of the Concrete Institute, Mr. E, P. H'ells, J.P., President, itt tho Chtfir. A 
short summary of the discussion is also given. 

Rbinforced concrete is very little used undergrounnJ, and doubtleM there are Economic 
reasons for this, but the use is growing, and doubtless within a few years fte 
ment of reinforced concrete in mines wiM become more ^ ^ 

wdrics such as bunkers and hoppers,, and in a few mines ui Bri^n ig w rap 
increaw, some of the principal pits bei»g Ba®g^d^r nc» Dudley ; 

and Tunnel Pit, Haunchford; pew fiune^oi^ - 

Wain cpnctete is not used in mines eatfent ^ 

oonstniotJon Sven n^, have be^ 


to'-’cdnykwe' the 










aew material like- remforoed concrete may be an eccmomic and us^al 
iiu!b|»tljiiute. ^ * ' ' 

(k course, it is only in main roads and permanent work in mines that it is andci* 
pat^ th^e will be any extensive use of reinfdroed concrete work. The method of using 
timber in. titese places is well known. The nxrf is sui^xxrted on head trees, the ends of 
which ane carried on props, which, sloping outwards at their feet, are also &bed to carry, 
when necessary, the sides of the heading- While therefore, within limits,' the top and 
sides ol the h«^tng are supported, un^ considerable pressure the ilocHr must be con¬ 
tinually rising, and thus r^uires continual attention, while gradual settlement of the 
whole heading takes place. 

The strength of the timbers used in mining is fully discussed in a paper by Professor 
Louis, and %e states that the strength of larch props is 3,360 lb. per square inch, and 
Scotch fir is 2,688 lb. per sq. in., when the timbw in each case is thoroughly seasoned, 
dry, and also fully grown, while the strength of wet timber was from 40 to 50 pw cent, 
less. 

It is evident that frequently in mines the props and beams will be wet, and there¬ 
fore, acoordkig to these figures, the existing strength of a laS-ch bar should not be 
assumed to be more than 1,780 lb. per sq. in., which will certainly be less than a well- 
made reinforced concrete post four months 'dd. Besides, in a mine dry rot quickly 
attacks timber unless constantly wet. 

The cost of timber for mine-work is continually increasing, the price, of foreign 
timber having risen as much as 45 per cent, during the last five years. 

In arranging a preliminary set of experiments on the strength of beamg and posts 
of reinforced concrete for mine work, it was decided to compare the results obtained 
from specimens of three different cross-sections for the posts, viz., square 8 in. by 8 in., 
round 8 in. diameter, and triangular 8 in. side, and also to vary the rein, 
foroement both in percentage and in method of arranging it. The cross- 
sections of the beams were (a) 8 in. by 12 in., (i) triangular 8 jn. side. 
If the beams are to be made and stored before use and afterwards transported 
to the mines, it is evident that they must have some reinforcement hear the 
sompression side for safety in transit, and it may be ultimately more economical to 
use scHne particular shape and similar rrinforoement both for props and beams, the 
tack of economy in design being more than counterbalanced oy economy in manu¬ 
facture, and the advantage of having one form of structure only in the mine. In making 
the test specimens, wooden forms were used for the square and triangular sections and 
steel forms for the circular sections. The beams were filled horizontally and the 
solumns vertically. ""-t 


Table I. 

Influence of Amount of Water in Strength of Concrete.^ 


cent, of Water. 


Age in Days. 


Average Compression Strength. 
Lbs. pOT sq. in. 

1,847 

1,543 

1,350 

791 

1,253 

1,260 

390 

750 

1,010 




‘I. XMtea and .\11Uer|^,/fWLf cixxxy. 

^ Ol' itiMs toitbnoiritionl, and was mgtk!< under da similar 

.' trf:' tlidi,Uai|te(^'..of' 
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practice. conja-efee was mixed wet } that is, with about 8 per oettt. of W»h», 

expmments having been previously made on the effect of varying the amount of water 
in thil concrete. The results are given in Table I.' 

^ese results seem important, slnoe iA most reinloroed work w^ mixtures are 
lequired, and till t^ concrete is over two months old the conseqtlent diminution in 
strength is vei7 serious. The cement was slow setting and uraform in quality. 

All the tests on the beams and posts were carH^ out at the age of two months, 
^bout a hundred cubes of concrete 6 in. by 6 in. by 6 in. made the saim time as the 
beams were test^^^at two months, and gave an average compressive strength 
i,6oq lb. sq, in. And another series of these blocks were made in order to ^ter« 
mine the increase of- strength with age for this concrete. The results obti^ned w%re 
very low when compared with the records given from tests on. owicrete bloclS made at 
Vyrnwy,,and also with the high-compression stresses given from American tests. 

Teats ot Beans.— ^ testing the i2-in. by 8-in. beams the supports were 7 ft. 6 in. 

"Wipart; the load was applied at two points 3 ft. 6 in. ^ntre to centre in the method 
usually adopted. Table JI. shows the result of the preliminary tests. 


Table II. 

Tests of Reinforced Beams, 8 ft. X i ft. x 8 in. 


• 


, Reinforcement. 


Breaking Load. 



No. of ■ 












No. 

Sped- 



Per cent. 

Equiv. uniformly 

Method of Failure. 



Kind. 


distrib. load. 







Tons per lineal fL 


I 

3 

2 Straight. 

t in. ... ... 

0-45 

I'O 

Tension 

2 

3 

1 2 Straight. 
( I Bent up 

r in. dke ■«. 1 

f m. • ■ * ■ ■ • ^ 

o'67 

x ’3 

Diag. tension 

3 

3 

( t Straight - 
t 2 Bent up 1 

r in.) 

r in.f 

0*67 

ri 

Plain and diag. tension 


• 

( 1 Straight. 

; in. top ... \ 
in. bottom v 
r in.) 




4 

3 

■] I Straight 1 
( 4 Bent up 1 

i ‘34 

I ’4 

Diag. tension 


Teats 0/Pests.— In making the posts for these preliminary experiments, only 
one rod was used for reinforcemeait in each case, and the rods were only 7 ft. 8 in. 
long, thus leaving 2 in-, of concrete at each end, so that the rod did not come in contact 
with the crushing plate of the machine. The only reason for reinforcing thq^ posts is 


Table III. 

Compression Tests on Square and Round Posts, Concrete Plain and Reinforced, 6 ft. long. 
{Age of Concrete (i : 2 : 5) 3 months.) 


No. 

No. of Tests. 

Section. 

Reinforcement. 

Qmshing Load. 
Lb. per sq. in. 

* I 

a 

3 

3 

8 in. X 8 in. 

8 in. X 8 in. 

(Plain) 

1, t in. X1 in., 7 ft. 8 in. long 

1,370 

1 , 36(1 

3 

3 

8 in. X 8 in. 

I, I in. XI in» „ 

> (Plain) 

1,300 

4 

3 

8 in. diam. 

t >334 

5 

3 

8 in. diam. 

I, 1 in. diam., 7 ft. 8 in. long - 

1,030 

1,068' 

j t. 

6 

2 

8 in. diam. 

1,1 in. diam., „ 


to make them portable, as it was considered that the crushing stren)^ of the coincreto 
would be.'ample for it to work, provided that it could be developed. It was aotidlpe^, 
that economic reasons would prevent the use of spiraUy reioforoed pqiMxete oidaiitns 
of such" small dimensions. As was ^;i^ted, the squi^ coltra^ ^ye 
per yqhare''inch thah the round .cdutt^s,. ' 

. ' T^le in. shows the,results t^'tests,on' 

, XeSts’on'sixteen'posb <rf triaiy^lar <a'psi:“eectkw,.and‘^ygh6((i«^'#j^^ 

wMchi h^V^ver,. ^not,be,eiB|ctiy;,coBM!iMM 
the'prop^xllojw y^ehs.'not' exac# 


f * 





























tKttitItipprtilig suiitsiblie b€ain$ and posts trf concrete wiiose proportions-are even as poor 

ifi pemeot as 1 : a; 5- ® 

author quoted numerous examples where reinforoed concrete had been aised 
ih jmipe work, and oMicluded by stating that it seemed evident that reinforced concrete 
will have an extended use in the future for main roads when the pressure are great. ^ 
Tht before opening the discussion, read a letter from Mr. FiedeRck Purtonj in 

irbiiCh he described some reinforced concrete work recently carried out at the Planmeller 
OollierieSf Haltwhistle, Northumberland. The work comprised the'linmg of two^new shafts. 
Instead of the usual brick lining, segmental slabs of concrete reinforced with expanded 


steel'were .used. • . 

The lining of the shaft with such slabs was completed to a depth of ta fathoms some tinjp 
ago, and itnas since been used under ordmary, working conditions. 

It has been found to be so economical in construction, and has proved so satisfactory in use, 
that further lining of a similar nature is now in progress. ^ 

DiaCUSSION. 


Mr. B, PtuOrr BteMIr, P.Ptya.Soe. (Member of Council C.I.)» said that be thought the 
future of reinforced concrete in mines was altogether uncertain, and nothing but time can tell 
whether it is really the fittest material. 

He went on to ask one or two questions regarding the reinforcement of the triangular 


beams and the 8-ft. pillars tested. . 

With regard to the pillars, he thought a striking feature of the result of *the tests was 
the way in which the fractures occurred at the ends of the pillars. This is the normal method 
of failure, and it is rather an indication that it is the right thing to do in all cases of pillars, 
to put the heaping or the laterals, or the binding, closer at the ends of all reinforced pillars, 
in fact, he suggested that a good rule to adopt would be to make the binding twice as close 
at the ends as it is in the middle of the pillars. o 

With regard to a quotation from {*iofesrsor Louis, in which the Professor states that a 
prop has the same strength whatever length, under the ordinary conditions of practice he 
thought it should be pointed out that the statement may lead inexperienced (ksigners to 
neglect the latio of length to diameter. 

Mr, 8, 8, Roberta said his experience, had been more among gold mining abroad rather 
than coal mining. He had often thought that reinforced concrete could be used in under¬ 
ground vrork for setts. The difficulty that had be«r uppermost in his mind was that concrete 
lost its nature'in the tropics. But if props could be successfully manufactured and used soon 
after construction they would be valuable in gold mining and even in main roads, especially 
if the difficulty of upward pressure through soft ground could be overcome. 

Mf. ^ Cyrtt Gackiag, M.CJ., after raising some points regarding a slide showing a 
loaded beam, cracked in the centre, went on to say that he thought that in mine work all the 
materials should really be made above ground, and the pieces should be made in such <^way 
that they are all interchangeable, that is, the beams should be reinforced in a similar way to the 
pillars, .and soma simple connection should be made so that the pieces can be easily removed 
and connected together as the work goes along, and as regards the position of the beams and 
poats, they should be made similar to the construction of an ordinary reinforced concrete 
pillar, where there are four rods, which would be the same as foilr sills, two along the bottom« 
and two along .the top, and then lastly reinforcement would be pillars and cross-beams, and 
in between riiose beams, al<mg tlM top, and pillars along the side, and the secondary beams or 
riabs could be fitted in, and so save any centering, and work which would take scune time 


.before .Uie, centering QOnl<l be taken down and the tunnel used. 

, IM», M, !•«# mentioned that be knew of a shaft being sunk abroad in a colliery, and lined 
.rimerete. It was not reinforced in any way, but it was about 6 in. thiric in the 

.ap 4 . ritait about 700. ft. dlbep, and it has been sunk now for about four or 

I 

^ .it would be a ntoM‘’ <lifficult matter 

.. ‘ jap that, k, be wed in mines under all ooodkions. 

" ^ very.,, Very. noUoe, and. reinforced 

wbetber 

tlda'owdi^ .. With 'oedhaaty tkofM,, if 
alw oai^' tp vrddge tip.. That, ’of 
be ^liwjd'.Jtbat 
has. a ofibaiht''15'' 
.in' ^e' intatteir .4 •' Sut' ivdien 
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working m .a dry ground, and it is fairly good, and not so^,. &>inething might be done with 
ooQcr^e, especially where it can be constructed i» situ. 

With regard to the experiments which have been carried out by the author of this paper, 
he noticed especially the very weak mixture of concrete that had been used f<« experimenting, 
* namely, i to g* to 5. He thought in a case of this kind, if richer mixtures had been employed, 
it would have paid, and that the results would have been very, very different from those 
obtained. 

. With regard to the tests*for columns, his opinion was, that with good rid concrete. Sad a 
column well-made, if it is allowed to harden on age, after twelve months’ time it will, in every 
instance, simply carry more than the one that is reinforced. But, of course, the concrete must 
be good. With a weak concrete, and reinforced, the reinforcement will carry ver^ much Inore, 
but with a rich concrete the plain concrete column will, there is no doubt, carry more load 
if the ^st is carried out satisfactorily, that is in a vertical position, not in the horizontal, 
where, in nearly every instance, a slight bending moment is put into the column. 

PROFESSOR DIXON’S REPLY. 

PnteMMUr Dixon, in*replying, said he was quite certain that reinforced concrete was only 
for use in mines in special cases, but it had been used. The use will go on, and only in 
main roads. As the President has said, in the ordinary case one is continually cutting off the 
#rops in order to get them the right lengths. But main roads are made certain heights in mines, 
and in that case it may be found useful. He had never heard of reinforced concrete in mines. 

The President criticised the weak mixture, but people are accustomed to putting in very 
weak mixtures sometimes. The first work he remembered working on was the retaining walls 
at King’s Cross Station, just by the tunnel. In that case the concrete was specified by the 
Great Northern engineers, not with the proportion of sand, but as i to g. It was x part of 
cement to g parts of Thames ballast, and those walls outside No. 3 Tunnel are there still. 

Regarding the question aJked by Mr. Etchells as to the remforcement of the triangular 
beam, the only reason for using a triangular beam iil that of all shapes it is the easiest shape 
to make in practice. In making these forips only a though is required, and in all these cases 
of l|mms*oae has to think not only what would be absolutely the best to design, but tVihat 
wouaMav commercial forms as well, and he thought in many cases it might be possible to use 
evcn^hi' same shaped thing for a beam or for a post. 

Replying to Mr. Cocking’s remarks as to the berm cracking in the centre. There is, of 

f iTse, a uniform bending moment, owing to t^ weight that is applied, but owing to the 
ight of that beam, there is a greater bending’*ta!!Cjotent at the centre, and so there would be 
a tendency for the beam to break there. Experiments carried out on continuous beams do not 

■tow an exact agreement between the practice and the theory. 

E, ..3.H 
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AT HOME AND ABROAD, 

Under Ms heeding nUebU infsmetlon vfttl be praented of new wrks in coarse of •' 

eonstfueiUm or completed, end the exemples selected xolll be from ell ports of thrmiorld. 

It is net the Intention to describe these xoorks in deteil, bat rether to indtcete their eitstence 
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RBINFORCBD CONCRBTB FLOORS AND FLATS IN THE NEW POLICE 
f; STATION AT OOODWICK. « 

This building, which has just been erected, has a frontage of 46 ft. and a depth of 
60 ft., occupying practically the whole of the site, which was a very awkw'ard <sne, with 
a fall of 19 ft. from front to back. « 

The floors and flats are of hollow coke breeze blocks reinforced and put together 
in accordance with the Henneblque System; the main staircase and the beams carrying 



Tm Nbw Police SrATiON. Goodwicx. 


tbs call walls of. reinforced concrete, as are also all lintels. The basement floor, 
ywd paying, '^sternal. 6i^t of steps are of Granolithic' paving. 

‘Ji:>e 9 CC!ptihtnoiSti|i^ is a sergeants* house of eight rooms aiid conveniences, 

^situated on tlw jkdt of the front, while on the right-hand 
piii the jftO^nd fioof, a oommochous entrance, 
h, in turn, there is an exit'to the cell.' 

• ' ’ * • <t 

jei^.to the sessions room above, Tor ,the 
6opr, is approached hy .i^. pUbUc 
lii|^|S,ti&ra^. Iti adi^tion.to.'^hb.room, 
ie]i‘ ;iid' Wii^le'and'egiil(etive''lK^ting, .t^ 
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Th* New Police Siatios. Gooowick. 









wqm^s in concrete. 




flcw^was proved, in w^i^was plated, quite distinct from the other por.tion& of the 
Dituotogi the sin^e constables’ quarters^ approached by an open side passage. 

The heating chamber is situated in the centre of the building, the fuel room^ing 
served by a coal shoot in the front pavement. 
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REINrORCBO CONCRETE DAM AT HONCAY., FRENCK INDO-CBINA. 

Thr dam, of which we glye a description below, has been designed and built by Mr. 
P. H. Barriere for the Soci^t^ des Charboanages du Tonkin, Hongay. 

It retains a total quantity of about eight million gallons of water, the greatest 
height at th# centre being 30 ft. and the total length 160 ft. 

As shown in the drawing, it consists of a continuous rdnforced concrete, slab 
making an angle of 55° \^th the ground level, its thickness being i ftAat the base, and 
* 5 in. at the top,, alt rests on a series of buttresses 7 ft. apart in tbe form of reinforced 
concrete'triangle frames, the different parts of which are bound tbgetlter fay a vertical 
^lab 3J in. at the bottom and 2 in. at the top.. The principal strut carries the reskltant 

pressure of the%/ater to tte 
ground, where it is em¬ 
bedded in the rock, as also 
the base of the inclined riab. 

The outside face of the 
inclined slab was rendered 
in cement in. thick, 
and has been found quite 
waterproof. 

The inclined slab has 
been designed with round 
bars lop and bottom rein¬ 
forcement and bent bars, 
with wa» and wa», which 
^ 12 

formulae have been found 
sufficiently safe, the 
measured deflections of 
the slab being practically 
nil. 

The native labour 
available was entirely un¬ 
skilled as regards rein¬ 
forced concrete. 

The structure was 
designed in eompetition 
with designs to be carried 
out in plain concrete and 
masonry. 

We believe the above 
dam to be tbe first exe- 
■ cuted entirely of reinforced 
concrete in the Far East. 

TNfi accompanying pbot^ 
gi^h shows an artistic 
wncrete bandsrtanfi erected 

vifibge of Clyde, 

, . RB,HFORCEi>CoscMT»Di*,«owAr. 

of concrete block construction, and was dSsImtel %.ltSF; lt% of 

in shape, and the foundation is 4 ft, .l^ d^th, j f^tjb 
.The concrete mixture is a t a'i 4^ With fournourses <clnaneiisbs'iMoi^k 
There is a 2-ft. pier in tlte'centre, the 


fitructed of remforced cemorete/ remfo^etmxit 
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me^l, with cross, rods i in. by 3 te. ,-oa .a ft 
it may be stated that 'the. pedestals:, 
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RstHFORCSD CONCRETK DaM, HONGAY. 
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architecture, a hard pine ceiling bejng utilised, with concrete steps made in place, and 
4 ft. foundation. All the concrete work was made in the contractor’s shop and allowed 
to cure thirty days before placing. 
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181M. • 

This hook has been written to supply 
information as to the most important 
features of bridge design, and contains 
informiition which would be of service to 
those --requiring prqftical help in the 
» examination of designs of bridges and 
arched structures generally.,4^ 

Chapter I. gives Practical7*Hints on 
general question's of design, and gives a 
full reprint of the draft regulations of the 
Tondon Countjr Council with respect to 
the (XMistrCiction of buildings wlwlly or 
partly of reinforoed concrete. 

Chapter II. de$ds with Bending Moments 
and Shearing Stresses, and gives par¬ 
ticular cases of the application of Clapey- 
ron’s Theorem to continu#us beams of 
two, three, and four spans. 

Chapter III. deals very briefly with 
Loads, Wind Pressure, and Temperature 
Stresses. 

It is not stated why the weight of a 
crowd in a .town should be taken at 140 
lbs. per sq. ft., and why in rural districts 
the load of a crowd of people may be 
reduced to about no lbs. ]>er sq. ft. 

In addition, it is noted that in town 
bridges a concentrated load of 25 tons must 
fallowed for vehicular traffic, and for 
bridges in rural districts the concentrated 
load of 12 tons only is allowed. Are the 
laws of gravity modified in rural districts, 
or are lives less precious there ? 

May it not be desired to carry a heavy 
boiler or transport a heavy gun from one 
town to another across some rural district ? 

In these days of heavy motor traffic 
between main towns the allowance for 
heavy concentrated loads should depend 
upon the character of the road and not 
upon< the question whether the, concen¬ 
trated load is concentrated in a rural or 
an urban area. 

Chapters IV. to VI. deal with ctil'^^ts, 
beam bridges (as distinct from arched 
bridges), and calculations; -' 

Chapters VII. and Xk give exhihples.of 
.many of the famous ranfoi-bod c^rete- 
bridges of the world (chiefly Coutlnmtal),. . - ,• ■ ' 

■ Thwe are many excellent 
'TheiM; parts of ‘the, book 
helpful to aMj>ersdiaa''‘‘feee 4 '‘'llii>itlSf,^rt ■ 

' difficulties, design, inasotui^^a' the ' ekpeifpif^ 
drawings of dfctuai br*^s isive-ttibdiij^'hliiKts 
as to-lkw the common 


been surmounted by the engineers and 
contractors responsible for. the dmigii and 
execution of thile work. , • 

Chapter XI. gives , some fo^ulife, notes, 
and sundry tables. 

The author has generally ^opteg the 
Standard Notation, introduced by the 
Concrete Institutei, W it is to be regretted 
that in translating the investigations of 
Prof. Mejan and others the author or 
translator has translated the letterpress, 
but not translated the symbols in the 
equations. (See, for example, page 92). 

This species of semi-translation is one 
of the most prolific causes of chaos in the 
matter of notation. 

Chapter II.- (dealing with Bending 
Moments, Stresses and Strains) is remark¬ 
able for the fact that most of the defini¬ 
tions arc unusual or inadequate or other¬ 
wise startling—for example,' it is stated 
that ‘‘.the outer forces acting on a struc- 
ture’eausing a movement in its component 
parts are called stresses, while the inner 
forces resisting that movement and tend¬ 
ing to hold the component parts in equili¬ 
brium are called strains. 

The neutral axis is defined as a layer of 
fibres, 

“ Shearing strain is the action of two 
forces at rigM^angles to the fibres of the 
piece.” a 

One wanders why she.aring strains only 
act at right angles to the fi^es, and also 
whether the “actions” would still be 
shearing strains if the material were like 
concrete— i.e., non-fibrous. 

Moreover, these two parallel forces 
would appear to be external forces, and 
should therefore be defined as stresses. 
Thus the author would be able to prove^ 
that stresses are strains; but his first* 
definition Shows that stresses are iu>t 
strains. , , , 

Tte'-^tlthor iw^ld be well advised to 
supples this pJ^,(23) In future editions, 
lest tlM liiiiem^ttsj^. a page should mar the 
sale a useful and 
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^Wced' coilcrete columns, W cm. I<^re 
«ud 1*5 ^ X metre long, w^e tested, m 
addition to the compression cubes. The 
;^8 of the columns, were enlarged and • 
fitrengtbwii^ with wire, in grder that 
failure should as far as possible be limited 
to thetmiddle portion. The linear defor¬ 
mation, and i4 some cases also the end¬ 
ing, was measured by means of mirror 
instruments. The principal conclusions 
reastied ate as follows :— 

The inflience of the height, within the 
limits mentimied, is inappreciable when 
the loading is central, but becomes marked 
under eccentric loading. ^ The Austrian 
rules for computation are justified, but the 
allowance for buckling should be made 
according to the regulations of 1907, rather 
than the later rules of 1911. 

Dr. vOn Emperger’s conclusion, that the 
shell of concrete external to the lon^- 
tudinal reiriforcement does not share in 
the strength of the column, is not con- 
firmed, and leads to impossible stresses. 
The results on the whole agree well with 
the ordinary assumption that the whole of 
the concrete shares equally in carrying the 
load. 

The report is a valuable corltfibutioi/ to 
the experimental work on this subject, and 
represents a large amount of patient 
labour. 

Booklets of tko AsoocMod Portland Comoat 
Mannfaoturora (1900) Ltd. 

PvbUshed »t Portland Hosse, Lloyd 's Avenue. London, 
E.C. 

This company have ra^tly published 
several n^w editions of tlifitt: jrarious pam¬ 
phlets, and this gratuitous printed matter 
formed one of the features of their exhibit 
at the recent Buildjng Trades Exhibition, 

“ Examination of Concrete Aggregates ” 
sets out in a concise, practical, and ctor 
manner various .tests which can be applied 



il'S' 



on a 'jt* for testing the.aggregfi^ 
i»ed for concrete, special care having been 
takoi to avoid and eliminate elaborate and 
technical calculations. The bookfet is 
illustrated showing the various appliances 
used for this work, and ^ permission 
of the company we reprodtide tlmr sketch 
of the apparatus used for ’determining 
whether conertte is »iixed in specified- 

proportions. 1 * 

The literature further includes 
" Cement Testing .Apparatus,*’ show^g 
the various apparata, etc., used for this 
important investigation work. • 







ArPARUTUS FOR Crushiho Trsti. 

" Cbmrrt Testiko Apparatus." 

"Portland Cement Memoranda ” cw- 
tains various extracts and tables which 
appear in the company’s use^ul handbook, 
" Every^y Uses’of Portland Cement,” 
and which was fully dealt with by^us in a 

foinW Issiw. , 

. Portland Ceiitent ” sets out 

,: the ditoioce between “ natural ” 

.•^/Portland cement, 

■ u«^s ' ’ itio ; .dang^., 0# ^ 
‘"itetoty -.M ■. tedy .-..emp^ng ' 








The Coacnte Institute. Anauul Qeaerai Meeting .—The feature of the Annual 
General Meeting of the Concrete Institute was the presentation to Mr. Richard L. 
Humphrey, M.lnst.C.E., M.Am.Soc.C.E., of a medal in recognition of his excellent 
Paper on “ Fir^roofing.” Mr. E. P. Wells, J.P., who presided, made some compli¬ 
mentary remarks as to Mr. Humphrey’s useful work on the other side of the Atlantic, 
and Mr. Edwin O. Sachs, F.R.S.Ed., in accepting the medal on behalf of Mr. 
Humphrey, for transmission to the United States,, dwelt on the important rdle that 
concrete was playing and would play in the future in the fire preventive schemes for 
tire preventive building construction at home and in the Colonies. 

The Annual Meeting ws* followed in the evening by a very successful dinner at the 
Connaught Rooms, some 120 members and friend/attending, and the arrangements 
were both interesting and pleasant.. There was»a considerable attendance of presi¬ 
dential officers from other technical societies,, including the Architectural Association, 
the Society of Architects, the Districts Surveyors’'Association, the Institution of Civil 
Engineers, and the Institution of Municipal Engineers, whose President was entrusted 
with the Toast of the evening, namely, " The Concrete Institute.” 

Other notable visitors present wwe Mr. W. E. Riley, F.R.I.B.A. (Superintending 
Architect, the London County Council), and Mr. H. Greville Montgomery (Building 
Trades Exhibition); whilst of the Institute’s own officers who supported Mr. Wells, 
there were present of the Vice-Presidents Mr. H. Percy„!$oulnois, M.lnst.C.E., Mr. 
Edwin O.’ Sachs, F.R.S.Ed., and Mr. F. E. Wentworth-Sheilds, M.Inst.C.%., and of 
Hie Past-Presidents Sir Henry Tanner, C.B., I.S.O. 

A new featwe was the attendance of the Press at this dinner, and the four 
following were invited and represented, namely. Engineering,. The Builder, the Central 
News Agency, and this Journal.. ^ ~ * 


The Internntional Rond Congresr.-^>$ie.tii 9 ^ Internaiiiial Road Congress 
takes place in London this month (June 23rd to 28th) und^ thiH^pices of the Inter¬ 
national Commission of Road Congresses. The Congress i^rraresentative in the 
truest sense of the term, nearly all the leading countrin^ of the world having appointed 
delegates, and practically all the many associations, etc., dk^y or indirectly* 
interested being represented on the Council. Que^ons Of the greatest importance 
relating to this far-reaching subject in its manifold aspects will he ffiscusa^. We 
give a siwrt summary of the Papers and Communlcatic^s which will be brought 
wward. ' 

Bbfore giving this summary we feel it incumbent on us ,.n^ei^pn' of the . 

excellent organisaticm and arrangements for this.^eOt ga^teiing,.. .|o ad^ioh to the < 
meetings for the presentation of papers and discussiohei 


■ '.arranged'to different parts to enaUe iihemb^s 
highways of this'country. 

.-the ffiHowihg is a summary of the diffmmt 
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to i>e Adqxted on'Pridges, Viaducts, etc.,” ” Conitruction of Macadamised Roads,” 

“ Wood Fating.” * • 

SScffoB';2^Traffte mad AdmtaMrmtioa.—Vadeii: this title we find papers on 
•yrhe Method of Lighting Public Highways and Vehicles,” ” Obsorvaitions Noted 
§ince 1908 as to the Various Causes of Wear and •Deterioration of Roadways,” 

“ RegulatioM^for Fast and Slow Traffic on Roads,” " Authcwities In Charge ^ the 
Construction and Maintenance of Roads, Functions of Central and LocayAuthonties,” 
‘finance of the ^nslructlbn and Upkeep of ^oadsi” ^ 

* * Secma I- -Coastructlou aad MmltttenaaeeS— We note that contributions will be 

• made on ” Tests of Materials,'” ” hnprovements Adapted Since the Second Congress 
in Machinery Used jn the Construction and Maintenance of Macadamised Roads,” 

“ Conatfuertons of Wifterbound Macadamised Roads,” ” Technical and Economic 
Study of the Comparative Advantages of Different Types of Roads,!’ " Various Types 
of Stone Paving in Use/1’ 

Section 2 —Traffic and Admlnlatratlon .—Communications will be niade on the 
“ Qwilifications of Engineers and Surveyors in Charge of the Construction, and 
Mj^intenance of Roads,” “ Statistics of Cost of Construction and Maintenance,” 

” Terminology Adlipted or to be Adopted in Each Country Relating to Road Con- 
struction and Maintenance,” and the “ Development Since the Second Congress of 
Self-propelled Public Service Vehicles.” 

Full jjarticulars of the Congress as to membership, etc., can be obtained from 
the Hon. Secretary, Mr. W. Rwjs Jeffreys, Road Congress Offices, Quc*en Anne’s 
Chfimbers, 28, Broadway, Westminster, S.W. 

Concrete for Repair Work. —Cement conerd^ was the agent employed lor 
repairing a cracked cylinder casting in an American locomotive shop. According to the 
Railway Gazette, the engine came into the shop with a bad crack in the wall of the 
steam passage in the right-hand cylinder. The crack was high up on the contour of 
the wall and in such a position that it was impossible either to weld or patch it, ana it 
was of sufficient size to lay the engine aside from actual work with the trains it was 
accustomed to haul. As an exiieriment it was decided to fill the cored cavity in the 
cylinder around the cracked wall with concrete, and in carrying this out a hole 2^ in. 
diameter was drilled in the front wall at the extreme top of the cavity. A wooden cover 
was fitted across the bottom of the cavity as high up as it could be inserted. A^ixture 
of Portland cement and sand in equal proportiwis was maSde and worked into a liquid 
staji so that it w'ould run easily. About two wheel-barrow loads of this was inserted 
through the hole, nearly filling the cavity. It was allowed five days to stand and the 
engine then went into regular service. Nine months later, when the same locwnotive 
came in for a general overhaul, the repair was examined and found to be in perfect 
condition* no leakage of any kind taking place. It was decided that it was unnecessary 
to renew the cylinder. The same method has been employed for carrying out similar 
fepairs on another locomotive.— Engineer. 

TRADE NOTICES. 

Naylor’a Syatem of Particulars have just reached us of a 

new system of reinforcement. 

This system consists of a lattice bracing formed as shown in the accompanying 
\ illustration. The bracing, as will be seen, consists of a series of loops carried diagonally 
’and made trom one and the same rod, the loops varying from i i«. to | in. in diameter. 
The Ioo{» and diagonals are continuous, and the loops slip over the top and bottom, 
horizontal members of a beam or girder, or the vertical members of a column or pile. 
f It is claimed that- by- this means the various bars are fixed rigidly in relation to 
•one another,-and^are.bound.,absolutely in their pstoper place, anji so are reared from 
any dw^ngement or displape#i»t, by the riming pjaemg of the concrete In the 
, foepM onpe the reinforcement is. attached.to the I^Jzontal or vertical members., ■, ^ 

.It'is further stated that the ^stem lend* itself rnndily to rrinforjoetr^t in the 
f^^ of- a rigid frame foe any pwticular Bfeam? coitomrtj * g^rti^; w it belj^ 
possible , to make any, number of tHfese'frames to any required ^sairiiig., 

,....445-;'* 
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MEMORANDA. ■. / 

Briefly the advantages fclaimed for Ciis system are: a continuous bond,.the|■vnfpr^^ 
ment is pot displaced during^construction, all stresses are provided! for, no special •or 
jjatent -bars are required, aaid, finalV* that it is economical. In the book we have 
before uS various illustrations arc gi \cn of .the‘different ways in which lli’J reinforce- 



ment can be made for beams and girders, and .sjiecial .sections are devoted to beam 
and column construction. There^are also illu.strations of*the application of the sysitem 
to floor and bridge construction. 

Full particulars can be obtained from Messrs. Naylor Bros., 23, Estate Buildings, 
Huddersfield. * 


BfilTISH IMPBOVED CONSTRUCTION CO. 

Telephone; 4067 Vietorie. LTD. Telegrams: "Biconcrete, Vie. London.” 

• “ B I C ” 

47 VICTORIA STREET, WESTMINSTER, 'S.\l(; 


Manufacturers of all kinds of 

Concrete Constructional Materials 

* (Plain or fieinforced) 

PIPES. PARTITION AND PAVING 
SfcSBS. SLEEPERS. STANDARDS & POWER 
TRANSMISSION POLES, HOLLOW BEAMS 
AND FLOORS, FENCING POSTS, etc., etc..* • 
by the wd'Lnowb "JAGGER* PROCESS. 
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